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Executive summary  
 
Australians living outside of major cities experience a higher burden of 
preventable chronic disease than their metropolitan counterparts. This is 
particularly true for cardiovascular disease (CVD) in its most common form, 
ischaemic heart disease (IHD) with relatively more Australians dying in rural 
areas than in the cities from this largely preventable condition. There is limited 
evidence of the relative burden of IHD in rural areas and the role of modifiable 
risk factors hampering the ability to drive informed government policy and 
preventative action. 
 Mortality from IHD has declined over recent decades due to reductions in 
modifiable risks including smoking, cholesterol and blood pressure. However, a 
disparity in IHD mortality persists between rural metropolitan populations. 
The burden of IHD is largely preventable meaning that the persistent rural 
disparity represents an opportunity for focussed efforts to reduce the unjust 
inequality in IHD burden experienced by rural Australians. This is a thesis by 
publication which includes five manuscripts to address the overall thesis aim of 
to generating recommendations for policy priorities to reduce the burden of 
IHD in rural areas for future generations. 
The aim is addressed through seven distinct research questions, presented in 
five studies which provide new evidence to guide the prioritisation of policies 




Study one presents a systematic review of the differences in IHD burden of 
disease outcomes between rural and metropolitan areas within current 
published research and quantifies the burden of IHD in rural areas showing a 
lack of complete geographical surveillance of all rural areas within states of 
Australia. The results of this study showed clear disparity between rural and 
metropolitan areas and reasons for the observed disparities were hypothesized 
rather than explained with empirical data. Study two systematically reviewed 
evidence related to primary and secondary prevention interventions aimed at 
reducing IHD in rural areas.  Interventions were found to be scarce, did not 
include rigorous study designs and the evidence was generally out-dated. 
Similar to the findings of study one, intervention studies were conducted in a 
relatively small proportion of rural Australia. While limited, the identified 
studies provided evidence that existing interventions show promise in reducing 
IHD risk factors in rural communities.  
These systematic reviews made clear the need for empirical evidence of the 
disparities in IHD in rural Australia, informing studies three and four. Study 
three presents the first ever application of the Preventable Risk Integrated 
Model (PRIME) analysis to Australian data and provided new evidence to 
quantify the role of modifiable risk factors in the mortality gap observed 
between metropolitan and rural Australia. The study provided evidence for 
prevention efforts targeting IHD risk factors in rural populations. The analysis 
showed that smoking and obesity make a substantial contribution to the 
increased IHD burden in rural areas and also that a large proportion of the 
observed IHD burden inequality is not due to behavioural modifiable risk 
factors, but other unmeasured factors which may include access to, or quality 
xiii 
  
of, health care. Study four showed that if the entire Australian population were 
to adhere to public health recommendations in relation to smoking, diet, 
physical activity and alcohol consumption, rural and metropolitan populations 
would experience similar absolute improvements in the CVD and IHD deaths. 
The gap (in deaths per 100,000) would narrow substantially between rural and 
metropolitan Australia, but the relative inequality in burden between rural 
areas would persist. The relative contribution of risk factors, analysed by the 
proportion of total deaths averted attributable to each risk factor, would be 
different between the two populations. This analysis provided evidence that 
policy priorities for the prevention of CVD and IHD would differ between rural 
and metropolitan areas, showing a need for prevention policy targeted at rural 
Australia that is distinct from metropolitan focussed policies.  
After generating new quantitative modelling evidence that could inform health 
policy with the potential to reduce the burden of IHD in rural Australia, study 
five investigated the perceptions of policy makers in using and applying 
scientific evidence in rural health policy. This study found that the rural context 
constrains the use of scientific evidence in informing health policy in rural 
areas, at all levels of government in Australia. Identified barriers for rural 
policy makers include a lack of resources, a lack of rural-applicable data and 
reduced access to the scientific evidence. These barriers need to be addressed 
for rural health policy to be evidence-based and optimised in its effectiveness 
for prevention of IHD in rural areas. Currently, this presents a lost opportunity 
for improving health in rural areas.  
As a whole, the five studies make a substantial contribution to the evidence to 
support policy priorities for the prevention of IHD in rural Australia. These 
xiv 
  
include detailed surveillance of IHD outcomes across all remoteness categories 
in Australia, an increased investment in primary and secondary prevention 
efforts tailored to rural communities, and a focus on modifiable risk factors 
such as obesity and smoking to reduce the disparities in rural Australia. The 
final study is this first to describe the barriers for rural health policy makers in 
designing evidence-based health policy, at all levels of government, for the 
prevention of IHD in rural areas.  
This is the first research to provide a complete picture of the current evidence 
of the IHD burden inequality between metropolitan and rural Australia, as well 
as the quantification and exploration of the role of modifiable risk factors in 
this inequality, together with exploration of the potential for evidence informed 
policy aimed at reducing the burden of IHD in rural Australia. This thesis 
contributes significantly to new knowledge on the observed disparity in IHD 
burden in rural areas and through generating new evidence, this research has 
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CHAPTER 1: INTRODUCTION  
 
1.1 Background and context  
 
Preventable health inequalities in rural populations, such as the higher 
burden of cardiovascular disease (CVD) in rural Australia are unjust. 
Preventable health inequalities, such as the disproportionate burden of 
CVD require critical enquiry in order to identify adequate solutions that 
address health disparities (1). Rural Australian populations and are under-
researched in comparison to the relative need (2). Australians living in 
rural areas experience high and inequitable burden from Ischaemic Heart 
Disease (IHD), the most common form of CVD. Cardiovascular diseases 
are the number one cause of mortality in Australia (2, 3), however, despite 
this, there is a paucity of empirical data in the literature that provides 
evidence for reasons behind these inequalities (4).  
Australians residing outside of a major city are estimated to be 1.3 times 
greater risk of mortality from IHD (4). Recent declines in IHD and CVD 
mortality rates in Australia over the past 30 years may have reduced the 
urgency for targeted policy action to prevent CVD at the government level, 
however reductions continue to be slower in rural areas, and inequalities 
are persistent (5). These inequalities between rural and metropolitan 
areas have led to suggestions that certain factors, other than individual 
2 
  
factors, such as health policy, are not meeting the needs of rural 
Australians (6, 7). 
The most recent Australian rural-specific health policy is the National 
Framework for Rural and Remote Health (2011) (8). The primary aim of 
this framework was to provide guidelines for policy prioritisation to 
ensure that in future, rural Australians would have the potential to 
achieve equal health status to that of their metropolitan counterparts.  
The framework highlights significant challenges for rural areas, including 
lower levels of government funding allocated to healthcare resources 
despite rural health services being more operationally expensive than 
metropolitan hospitals (8). This has left the Australian rural health sector 
largely under-resourced, in part constraining potential for improving 
health outcomes for rural populations (9).  
Possible policy focus areas for the prevention of  IHD  in rural areas are 
the associated modifiable risk factors, such as diet, physical activity, Body 
Mass Index (BMI) and smoking which have rates that vary by remoteness 
in Australia (10). There is limited evidence within the literature that 
quantifies the role of these risk factors in the differences in IHD mortality 
between metropolitan and rural areas, making policy prioritisation to 
address these risk factors difficult. This thesis sets out to contribute to the 
evidence around how the burden of IHD could be reduced in rural 
populations through the generation of new evidence for policy priorities. 




The overall aim of this thesis was to contribute to the evidence around 
why rural Australians experience a higher and disproportionate burden 
from IHD and to generate recommendations for potential policy priorities 
that could contribute to reductions in the burden of IHD in rural areas for 
future generations. 
1.3 Thesis structure and sections 
 
This thesis is comprised of three sections of research (figure 1.1) that 
include five separate studies, addressing seven research questions. Each 
of these three sections used a distinct methodological approach.  
Figure 1.1: The sections of research detailed in this Thesis 
 
The three outlined thesis sections, and the included studies and 




























Table 1.1: Summary of thesis sections, research studies and research questions of this thesis 
Section RQs Study title (publication status) 
Evidence synthesis 
and assessment  
1. How does the burden of IHD vary according to 
remoteness in Australia? 
2. What are the socio-demographic characteristics or 
behaviours associated with any observed 
inequalities? 
3. What interventions have been conducted for 
primary and secondary prevention of heart disease 
among rural Australian populations that have been 
published in the peer reviewed literature? 
4. Have these prevention strategies been effective at 
preventing heart disease or reducing risk factors 




1.Rural inequalities in the Australian burden of 
Ischaemic Heart Disease (published) 
 
2.A systematic review of published primary and 
secondary interventions to reduce Ischaemic Heart 
Disease in rural populations of Australia (published) 
Modelling risk 
factors and IHD 
mortality  
5. What is the role of modifiable risk factors in the 
differences in IHD mortality between rural and 
metropolitan populations in Australia? 
6. What is the number of deaths from IHD deaths that 
could be avoided in both rural and metropolitan 
Australia if public health recommendations for major 
risk factors were met?  
 
 
3.Quantifying the role of modifiable risk factors in the 
differences in Cardiovascular Disease mortality rates 
between metropolitan and rural populations in 
Australia: a macro-simulation modelling study 
(published) 
 
4.A comparison of the modelled impacts on 
Cardiovascular Disease mortality if attainment of 
public health recommendations was achieved in 
metropolitan and rural Australia(submitted) 
Policy making and 
evidence use in 
rural areas 
7.  What are the perceptions of policy makers on the 
increased burden of IHD in rural Australia, and what 
are the facilitators and barriers to the adoption and 
implementation of scientific evidence in Australian 
health policy in the rural context? 
5.Policy makers’ perceptions of the high burden of 
Heart disease in rural Australia: Implications for the 





1.3.1 Section 1: Evidence synthesis and assessment research questions 
 
The first section of this thesis interrogated the current literature in two 
areas (i) differences in IHD burden between metropolitan and rural 
Australia, and (ii) evidence from previous interventions that have 
attempted to address the increased IHD burden in rural areas. This 
section included two systematic reviews, which addressed the following 
RQs. 
Study 1 
RQ1. How does the burden of IHD vary according to remoteness in 
Australia? 
RQ2. What are the socio-demographic characteristics or behaviours 
associated with any observed inequalities? 
Study 2 
RQ3. What interventions have been conducted for primary and secondary 
prevention of heart disease among rural Australian populations that have 
been published in the peer reviewed literature? 
RQ 4. Have these interventions been effective at preventing heart disease 
or reducing risk factors among rural Australians, therefore reducing the 
disparity? 





The second section of this thesis addressed two research questions 
regarding the role of modifiable risk factors in the increased burden of 
IHD in rural areas in order to generate new evidence. This section used 
quantitative modelling methods. 
Study 3 
RQ 5.  What is the role of modifiable risk factors in the differences in IHD 
mortality between rural and metropolitan populations in Australia? 
Study 4 
RQ 6. What is the number of deaths from IHD deaths that could be 
avoided in both rural and metropolitan Australia if public health 
recommendations for major risk factors were met?  
1.3.3 Section 3: Policy making and evidence use in rural areas research 
questions 
 
The final section of this thesis explored the perspectives of rural health 
policy makers, and the extent to which scientific evidence is used to justify 
or influence policy addressing the IHD burden in rural areas, using 
qualitative interviews with policy makers.  
Study 5 
RQ 7.  What are the perceptions of policy makers on the increased burden 
of IHD in rural Australia, and what are the facilitators and barriers to the 
adoption and implementation of scientific evidence in Australian health 




1.4 Overview of study methodologies for each thesis section 
 
The three sections of this thesis, addressing IHD inequalities in rural 
Australia, provide a means of synthesizing the current evidence, creating 
new quantitative evidence about the impact of risk factors, and applying 
these findings to explore prioritisation and the role of evidence in the 
current rural health policy environment.  Different methods were used 
across the three different sections to answer seven linked, yet distinctly 
different, research questions. For this reason, mixed methodology theory 
is not used to guide the methods in this thesis, as research using 
theoretical mixed methodology uses both quantitative and qualitative 
methods to gain rich perspectives on a single enquiry (11). 
1.4.1 Section 1: Evidence synthesis and assessment 
 
The first section of this thesis consisted of two systematic reviews of the 
published literature that answered RQs 1-4, which were reported using 
the PRISMA guidelines (12) and are presented in full in results chapters 5 
and 6.  The aim of this section of the thesis was to gather and synthesize 
the available evidence on the IHD burden in rural areas in comparison to 
metropolitan areas, and synthesize knowledge on published interventions 
to prevent IHD in rural Australia. 
1.4.2 Section 2:  Modelling risk factors and mortality 
 
The second section of the thesis consisted of generating new evidence 
using the PRIME macro-simulation model to answer RQs 5-6. The PRIME 
model has been used in the international literature, to model different 
risk factor scenarios and the effect on population mortality, using inputs 
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from a combination of health survey, mortality and population data. 
Results chapters 7 and 8 present the two papers from this section, one 
published (chapter 7), and one currently under review (chapter 8). 
1.4.3 Section 3: Approaches to policy making and prioritization 
 
The final section of this thesis consisted of one study using a qualitative 
methodology of in-depth interviews with key informants, followed by a 
theoretical framework analysis. This study addressed RQ7 and is reported 
using the COREQ guidelines (13). The submitted manuscript of this study is 
detailed in chapter 9. 
1.5 Thesis significance and contribution to knowledge  
 
Rural populations and their health in Australia is under-researched 
despite knowledge of persistent and preventable health inequalities (2). 
Rural Australians experience an excess burden of IHD when compared to 
their metropolitan counterparts, and scientific literature on the role of 
risk factors and subsequent policy solutions are scarce, leaving little or no 
scientific evidence to guide future policy or interventions targeting these 
factors. This thesis provides evidence on multiple facets of this inequality. 
It includes two systematic reviews that are the first to be published on the 
burden of IHD in rural Australia. These provide a synthesis of the 
scientific evidence on the IHD burden in rural Australia when compared 
to metropolitan areas, and also an analysis of previous interventions 
aimed at addressing the burden of IHD in rural Australia, identifying 
important gaps in the literature that have implications for future research 
and actions to reduce the inequitable burden of IHD in rural areas.  
9 
Prior to this thesis, there were no studies that investigated the role of 
modifiable risk factors contributing to the observed IHD mortality gap 
between rural and metropolitan Australia at the national level. These 
studies provide the first Preventable Integrated Risk Model (PRIME) 
modelling studies to be published using Australian data. These studies 
provided modelled estimates of the number of deaths that could be saved 
if rural populations had the same smoking rates, dietary and alcohol 
intakes, physical activity and obesity levels as their metropolitan 
counterparts. This analysis also provided an estimate of the proportion of 
the IHD gap between rural and metropolitan areas that is not due to 
modifiable risk factors. Quantifying risk factors, identifying which risk 
factors are responsible for the most IHD mortality in rural areas, and 
which contribute the most to inequalities between rural and metropolitan 
areas, provides evidence for the design of future policy and research.  
Following on from these investigations, this thesis research included 
substantial and novel qualitative research with policy makers to try to 
understand the perspectives of those working in rural health policy, 
including the extent to which they use scientific evidence when 
attempting to address IHD in rural areas. This research generated 
evidence on how the rural context constrains the use of scientific evidence 
in decision making, and how rural policy makers experience multiple 
barriers to designing and implementing evidence-based rural health 
policy that could potentially lead to reductions in the IHD burden in rural 
Australia in the longer term.  
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1.6 Thesis format  
 
This thesis meets the requirements of the ‘thesis by publication format’ at 
Deakin University. Following this introduction chapter is a methods 
chapter. The methods chapter is followed by results chapters (4-9). The 
results chapters include an introduction and five manuscripts which are 
either published in, or submitted to a peer reviewed journal. Following 
the results chapters there is a discussion and conclusions chapter.  
  
11 
CHAPTER 2: LITERATURE 
REVIEW 
2.1 Introduction 
This chapter provides the problem statement of this thesis followed by a 
detailed overview and critique of the current literature that describes the 
increased IHD burden in rural Australia. This includes a review of the 
literature on how rural and remote areas are defined, the burden of IHD 
in Australia, how Australia compares with other countries in terms of 
urban-rural inequalities in IHD the associated risk factors of IHD. 
Chapters 5 and 6 provide further expansion on this literature review in 
the form of two published systematic reviews and those reviews are 
referred to in this chapter. This is followed by a review of research on risk 
factors for IHD in rural areas. To conclude this chapter, government policy 
and evidence-based decision making theory are reviewed and critiqued. 
2.2 The problem statement 
Preventable health inequalities, including those experienced by 
disadvantaged populations such as low socio-economic groups, rural and 
remote dwelling Australians and Aboriginal and Torres Strait Islanders 
are unjust (1, 10). It is important to emphasize that these health disparities 
are inequitable because they are preventable, and require critical 
questioning and research to configure appropriate solutions (1). 
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Rural populations in Australia experience poorer health than their 
metropolitan counterparts and this is especially the case for non-
communicable and preventable diseases such as cancers, diabetes, 
chronic obstructive pulmonary disease and CVD (14). Rural populations 
also experience higher rates of mental illness, suicide, obesity and injuries 
when compared to their metropolitan counterparts (14).  
 
Where an individual resides affects their ability to obtain optimal health 
status (15). Australian population density varies immensely resulting in  
large variations in the level of access to services and opportunities for 
social interaction between regions (16, 17). In Australia, life expectancy 
decreases with increasing remoteness (10). Thirty five percent of 
Australians live outside of metropolitan areas (18), translating to a large 
proportion of the population subject to this increased risk.  There are 
known disparities in the burden of disease between those living within, 
and outside of metropolitan areas (19), however the reasons for these 
differences, particularly for CVD and IHD, are not well understood (10, 15, 
20).  
 
Rates of CVD, including IHD, have declined over the past 30 years in 
Australia, along with most other high income countries, however these 
declines have occurred at a much slower rate for rural Australians when 
compared to their metropolitan counterparts (10). The reasons for the 
slower declines, and persistent inequalities in CVD mortality remain 
unclear and under-researched in rural Australia. This is despite CVDs 
claiming the lives of more Australians than any other disease (21). In 
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addition to a persistent inequity in disease burden in rural areas (10), rural 
research is underfunded comparative to need despite seven million 
Australians living in these areas (2).  Inequities, such as the observed 
higher rates of CVDs (and especially IHD) for rural populations will 
continue unless there is significant investment and research in this area 
(2). 
Prior to this thesis, there was no published summary of the peer-reviewed 
evidence on: 
•  The rural-metropolitan inequalities across a broad range  of  
outcomes for IHD, or; 
•   Previous interventions to prevent IHD in rural Australia 
 
There was also no evidence on how modifiable risk factors influence the 
gap between rural and metropolitan dwelling Australians and what risk 
factors could have the greatest impact when addressing these disparities. 
Given the large gaps in the literature, it is not surprising that there was 
also no peer reviewed literature investigating rural policy makers’ views 
of the issue of the inequitable burden of IHD in their communities, and 
whether or not scientific evidence is used to set priorities or drive policy 
decisions around preventing IHD in rural areas.  
2.3 Defining rural and remote areas and health 
 
There are two facets of defining and addressing rural health issues, 
including defining rural areas in a spatial or geographical sense, and also 
defining elements of what is rural health in practice, including research 
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and in medicine. In the Australian literature, assessing health inequalities 
between metropolitan and non-metropolitan areas has been complicated 
by a lack consistency when it comes to defining and describing health 
outcomes spatially and the use of standardised geographical 
classifications is not always apparent in the scientific studies (22). ‘Rural 
health’ remains difficult to define in the Australian example, and is 
debated internationally (23, 24).  
 
2.3.1 Geographic definitions of rural and remote areas  
 
There are many geographical classification systems that have been 
developed both overseas and in Australia, in order to define rural and 
remote areas. These classification systems often use geography measures 
(such as distance) to parameterise what is defined as a rural area (24). 
 
In Australia, the most recent, and most widely used standardised measure 
of rurality is the ‘Australian Statistical Geography Standard’ (ASGS) (25). 
This framework is designed to provide consistent national definitions of 
geographical divisions for the purposes of comparable statistical analysis. 
This framework includes a remoteness area classification and divides all 
areas of Australia into five different remoteness categories based on 
access to services. These categories are ‘major city’, ‘inner regional’, ‘outer 
regional’, ‘remote’ and ‘very remote (25). The measure of access to services 
(that determines which category a spatial area is classed as) is defined 
based on the Accessibility and Remoteness Index of Australia (ARIA) (26). 
The ARIA covers the entire land mass of Australia and is solely a 
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geographic measure (i.e. it does not account for socio-economic 
characteristics or other social factors) that uses road distance to measure 
access to service centres, relative to population density (26).  
 
As the population grows and changes, so does the distribution of service 
centres and subsequently remoteness categories, making it challenging to 
map patterns in data over time (25). For this reason, the ASGS remoteness 
categories are updated every five years to account for these changes in 
service distribution over time. Studies older than ten years often do not 
use the same standardised measures of remoteness to report on data and 
trends, making comparisons to more recent data difficult (24, 25) .  
 
The rurality of one’s residence, can be defined in many different ways, and 
many studies have attempted to measure the level of urbanisation and the 
distribution of non-communicable diseases risk (27). A systematic review 
by Allender et al, found that urbanicity was measured in many different 
ways across the globe, from population density in different areas, to more 
complex measuring such as using actual distance from a city and place of 
occupation (27). This review found that scales of remoteness rarely take 
into account the fact that urbanisation is evolving continually, and thus 
the impact on chronic disease burden may be dynamic (27).  
 
2.3.2 Conceptualisation of rural health 
 
The concept of ‘rural’ and ‘remote’ health, is evolving and complicated, 
similar to geographical measures of remoteness. Rural and remote health 
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has lacked a strong conceptual basis over time there is no universally 
accepted way of measuring what constitutes rural and remote health and 
practice (28). Bourke et al, highlighted this in the construction of the 
‘Conceptual Framework for Understanding Rural and Remote health’ (28), 
and acknowledged that rural health researchers often confused 
definitions and assumptions in the literature. This has limited the capacity 
for comparing and integrating complex research findings, potentially 
reducing the impact of rural health research and translation into practice 
(28). There is also board agreement in the literature that international 
comparisons of research into rural health, (such as assessments of health 
service access in rural populations) are almost impossible, due a lack of 
equivalence of rural health definitions, datasets, indicators of rurality and 
theory (29).  It is plausible to consider that a lack of consistent definition 
for rural health and the subsequent uncertainty in the comparability of 
research findings may also contribute to challenges in addressing health 
inequalities, such as the increased burden of IHD, experienced in rural 
Australia and on a global scale.  
There are varied definitions of what constitutes ‘rural health’ or ‘remote 
health’ depending on the discipline of treatment, practice or research.  For 
example there are medical definitions of rural or remote health, such as 
the Royal Australian College of General Practitioners defining rural health 
as constituting ‘medical practice outside of urban areas’ that is adjusted to 
account for adaptive treatments that are viewed as best practice in the 
context of limited access to health services, or major hospitals (24). Other 
definitions focus more on theoretical basis, that include the 
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acknowledgement of the complex interplay of isolation, social and 
demographical factors and broader health service, system and political 
and economic influences that determine what is the ‘rural health ‘context 
(30).  
 For the purposes of clarity and consistency in this thesis and in the 
absence of a universally accepted definition, the term ‘rural’  will be used 
to refer to all areas defined as being outside of major cities by the ASGS in 
Australia (25).  The term ‘metropolitan’ will be used for areas classed as 
‘major cities’ by the ASGS (25). 
2.4. Cardiovascular disease in Australia 
 
Despite declines since the 1970s, cardiovascular disease remains as the 
leading cause of death in Australia (3). Reports on rural patterns in 
mortality and morbidity from a wide range of CVDs in Australia have 
several limitations: they are not released on a regular basis, and data in 
these reports do not always cover every year or report trends over 
consistent timeframes.  In 2015, one in three deaths were recorded with 
cardiovascular disease as the underlying cause in Australia (3) and in 
2017, this largely preventable condition accounted for 43,477 deaths 
nationwide (21). Morbidity data on CVD at the community level in Australia 
is limited as there is no national register for data collection and indicators 
such as prevalence, rely on self-report measures, which under-estimate 
morbidity, as there may be individuals participating in the surveys that 
may not know that they have the condition (31). In 2011-12, 5% of the 
Australian population, aged two years and over, reported living with a 
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form of CVD and this increased to 40% in those aged 85 years and over 
(31). The number of hospitalisations from cardiovascular diseases 
increased by 44% from 1994 to 2013 (32) and in 2015-16, CVD was 
responsible for 1.1 million hospitalisations (3). The observed increases 
over the past two decades have been attributed to Australia’s ageing 
population as CVD is associated with increasing age (32). 
2.4.1 Ischaemic heart disease 
 
Ischaemic Heart Disease (IHD) is the focus of this thesis and is the most 
common form of CVD in Australia. Coronary heart disease (CHD) is 
another term used for IHD, and consists of two major clinical 
presentations of cardiac disease, ‘acute myocardial infarction,’ (AMI) and 
‘angina pectoris’ (AP). The most common form of CVD worldwide is IHD 
(33). The definition of IHD according to the International Classification of 
Diseases (ICD) is ICD 8th and 9th revision codes 4100-4149, and ICD 10th 
revision codes I20-I25 (5, 34). The condition contributes to significant 
illness, disability, reduced quality of life, premature mortality, and 
contributes significantly to health care costs in Australia, and worldwide 
(3, 33, 35). In terms of morbidity, incidence rates declined from 534 per 
100,000 deaths 2007, to 406 per 100,000 in 2012 (31).  In 2015, 645,000 
Australian adults reported living with IHD (3, 36).  
2.4.2 The health care cost of cardiovascular disease in Australia 
 
In 2012-13, CVD management accounted for the largest contributing cost 
to the hospital system in Australia, responsible for $5.0 billion, or 11.1% 
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of all inpatient health care costs (4).  Over the same time period, CVD 
accounted for 11.3% of inpatient healthcare expenditure among the non-
indigenous population (4).  
Reduced access to health care in rural areas is also evident across in-
patient healthcare expenditure that is attributable to cardiovascular 
diseases. Despite higher rates of CVD, the proportion of expenditure was 
similar (11.2%)  between major cities, inner and outer regional areas, 
with the exception of remote and very remote areas, where injuries were 
the main contributor of expenditure (10.8%) (4). This is despite data 
suggesting that rural Australians are between 1.2 and 1.4 times more 
likely to die from IHD than those living in major cities, differences that are 
not reflected in in-patient healthcare costs (4). However, the expenditure 
data analysed in this report was only available by demographics at state 
level and not individual hospital level. Costs were estimated to be the 
same for each admission type across remoteness which could lead to an 
under-estimation of expenditure in rural areas (4). 
2.4.3 Current disparities in IHD outside of major cities. 
 
Estimates of the increased burden of IHD outside of metropolitan areas 
differ depending on the source of the data and the geographical units and 
outcome measures used. For example, national mortality data shows 
increased IHD mortality in rural areas, along with the  national population 
health survey data published by the Australian Bureau of Statistics (ABS) 
yet the Australian Institute of Health and Welfare (AIHW), shows no 
differences in self-reported prevalence of IHD (37, 38). The disparity 
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between self-reported prevalence and mortality has been attributed to 
lower health literacy and diagnosis rates in rural areas (37) . In 2009-10, 
men and women in remote areas were 1.3, and 1.2 times as likely to die 
from IHD, respectively, when compared with those living in major cities 
(38).  A recent study, by Jacobs et al (2018), which analysed all Australia-
wide CVD deaths (which included IHD) between 2009-2012, found deaths 
rates to be higher outside of major cities, with lower socio-economic 
status in rural areas explaining a substantial proportion of the disparity 
by remoteness for both males and females. Despite this, remoteness was 
found to have an effect on CVD mortality rates even after adjustment for 
socio-economic status (39). 
 
The majority of smaller scale studies with a differing range of methods, 
populations and outcome measures have shown rural-metropolitan 
inequalities (16, 34, 40-45). This is analysed further in chapter 5 that includes 
a systematic review of published studies investigating IHD mortality 
between different areas of remoteness.  
 
A national level analysis by Waters et al (43) of AIHW data demonstrated 
an increasing trend in IHD mortality and hospital admissions with 
increasing remoteness. This study showed that in 2005-07, the IHD 
mortality ratio between remote areas and major cities (reference) was 
1.3, and increased to 1.4 by 2007-08, and that the IHD hospitalisation 
ratio was 1.4 in remote when compared to major cities (43). Even Victoria, 
a state with a large population and relatively small land size with only a 
small portion of the state being considered as ‘remote’, has been found to 
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have inequalities in the burden of IHD. A study analysing data on age-
standardised event rates of acute and chronic IHD in rural areas found 
that despite declines from 2005-2012, rates were still higher than those 
observed in metropolitan Melbourne (46). 
 
Part of the observed differences between metro and rural mortality may 
be explained by the higher rates of IHD experienced by Aboriginal and 
Torres Strait Islander (ATSI) peoples, together with the increased 
proportion of this population in rural areas (10). However, when the higher 
death rates from ATSI people are accounted for, there is still a substantial 
gap between non-metropolitan residents and their metropolitan 
counterparts (18), with some evidence in the Northern Territory to show 
that ATSI populations in remote areas have lower IHD mortality than 
their urban dwelling counterparts (47). Another relevant phenomenon is 
the ‘internal migration’ of elderly or unwell individuals from rural areas 
to the city, due to better access to health services and treatments. This 
pattern of relocation could reduce the apparent mortality rate in the rural 
areas and artificially reduce the observed disparity (48).  
 
2.4.4 Trends in cardiovascular disease over the past 30 years 
 
Although still the leading cause of death, cardiovascular diseases have 
dramatically declined for the adult population in Australia since the 1970s 
(43).  From 1968 to 2015, CVD mortality rates declined by 82% from 830 to 
151 deaths per 100,000 (3). A large proportion of this decline was 
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attributable to declines in IHD mortality rates, which declined from 428 to 
66 deaths per 100,000 (figure 2.1) (3). Decreases between 1968 and 2000 
have been analysed to show that almost 80% of this decline in Australia, 
can be attributed to changes in three modifiable risk factors: blood 
pressure, cholesterol and smoking (49-52). Despite this, many Australians 
remain at high risk of IHD due to unfavourable behaviours, such as poor 
diet, physical inactivity and alcohol abuse (43). 
Figure 2.1: Trends in age standardised IHD mortality rates between 1981-
2015 in Australia, by sex. 
Source: AIHW Mortality Database 
2.4.5 Declines have been slower in rural areas 
 
Despite significant declines in IHD mortality, a large inequality in IHD 





























recent national IHD trends analysis to stratify by rurality shows that 
although mortality rates declined in all areas between the years 2001-10, 
the biggest declines for adults over the age of 25 years were observed in 
major cities, and reductions were more modest in regional and remote 
regions of Australia (table 2.1) (5). There is scarce empirical evidence 
available in the literature that explains why people living outside of major 
cities are not beneficiaries of the same improvements in IHD mortality 
when compared to metropolitan areas, or how different modifiable risk 
factors contribute to the disparity in mortality rates (49).  
Table 2.1: Annual average declines in age adjusted IHD mortality for males and 
females aged 25 years and over in Australia, by remoteness, between 2001-02 
and 2009-10.  
Remoteness Males Females 
Major Cities -4.1% -4.3% 
Inner Regional  -3.8% -3.7% 
Outer Regional  -3.8% -3.9% 
Remote -2.4% -3.9% 






2.5 How does the IHD burden in rural areas of Australia compare to rural 




The declines in IHD mortality over the past few decades have occurred 
globally in developed countries, in parallel with a significant increase in 
urbanisation over the past century (53). An increase in urbanisation is 
thought to be one of the major reasons for widening disparities between 
urban and rural populations on a global scale. Transitions in dietary 
consumption and physical activity behaviour have occurred concurrently 
with urbanisation-driven changes in society, over the past century, in 
parallel with increasing NCD burden (53-55).   
 
2.5.1 Urbanisation and rural health  
 
During the first three quarters of the 20th century, as developed countries 
rapidly urbanised and enjoyed economic prosperity, people living in 
urban areas transitioned to eating more processed foods and became 
increasing  inactive, leading to higher blood pressure, high cholesterol and 
body mass index (BMI),and to an emerging burden of non-communicable 
diseases (53). During this time, societies dramatically transitioned from 
rural and agricultural based living to a more urban societies and more 
recently a further transition has occurred to a more information and 
technology based society (27, 53). These societal changes have also been 
observed in parallel with the observation of a ‘nutrition transition’ that 
has occurred across the world. The ‘nutrition transition’ literature 
describes a shift in dietary consumption patterns from relatively fresh 
and un-processed foods, sourced from the local community, to higher 
intakes of processed and convenience foods that contain high amounts of 
fats, saturated fats from animal sources and sugars (55-57). Urbanization 
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has also contributed to reductions in the requirements for physical labour 
and subsequently lead to increasing levels of physical inactivity among 
populations worldwide (57). Changes related to the urbanisation of 
societies and coinciding nutrition transition are theorised to have led to a 
large increase in overweight and obesity and cardiovascular diseases in 
Australia and globally (53, 55).  
These societal transitions have also driven inequalities in rural 
populations as highly populated areas become more urbanised, 
healthcare and government policy and resource allocation has become 
more centralised urbanised areas (53). More recently, urbanised 
populations have gradually become more wealthy, educated and health-
aware than their rural counterparts (54) contributing to disparities, yet 
modifiable risk factor levels are still far from optimal in urban 
populations, particularly in Australia (53, 54, 58). There is also evidence 
around the world to show that urbanisation has contributed to rural 
populations comprising of higher proportions of ageing residents when 
compared to their urban counterparts (59-61).   
Despite these global patterns, the complexity of the disparities in rural 
IHD burden remain challenging to compare between different countries. 
Caution needs to be taken when making direct international comparisons 
in IHD mortality by rurality due to vast differences in national settings, 
the level of geographical detail used to classify rural areas, as well as 
significant spatial differences between countries.  For example, areas 
considered to be regional or remote in a very large country such as 
Australia  (62) would be difficult to directly compare to geographically 
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smaller European countries or even our close neighbour New Zealand. 
Although there are major differences in how the populations are 
dispersed over space and geography, when comparing across different 
countries, there are also differences in culture, society and political 
climate, yet there are still similarities in the literature in rural areas 
globally (29). 
2.5.2 International examples of CVD and IHD inequalities in rural areas  
 
The studies described below are evidence of similarities to Australia in 
other developed countries in terms of a rural CVD and IHD burden 
inequalities. Although there are challenges in comparing rural health on 
an international scale, the effects of urbanisation and the nutrition 
transitions are evident in the observed CVD inequalities in rural United 
States of America (USA), Canada and the United Kingdom (UK).  
 The use of routine mortality data collected from death certificates in each 
country, is considered to be a high quality source of data for the analysis 
of mortality rates (63-65). Mortality data can also be subject to bias, such as 
human error in coding of addresses on death certificates, or inaccurate 
coding of in-hospital mortality causes and software errors are potential 
sources of bias to consider when interpreting mortality rates (66, 67). It is 
also unclear if the quality of data collection would vary between countries 
and contribute to challenges in comparing regions on a global scale (67). 




In the USA there have been similar overall reductions in IHD mortality 
over the past three decades to those observed in Australia. Similarly, 
declines in metropolitan populations were faster than rural areas from 
1999-2009 (68). A study by Kulshreshtha et al (2014),  found that prior to 
2007, age adjusted mortality rates were lower in rural areas when 
compared to metropolitan areas, however this reversed after 2007 as 
metropolitan IHD declines exceeded the rate observed in rural 
populations in the USA (68). This study used nationally collected mortality 
data from the National Centre for Health Statistics, which is described as a 
‘census’ of all deaths in the USA (68). ‘Rural’ areas were classified based on 
an inhabitant population of between 10,000-49,999 people, ‘medium 
metros’ with a population of 50,000-999,999 persons and ‘large metros’ 
as having a population of over 1 million (68). Table 2.2 (below) shows the 
differences in the changes in age-adjusted mortality rates for adults aged 
35-84 years across rurality in the United States of America between 1999-
2009 (68). 




Age adjusted IHD 
mortality rate in 1999 
Age-adjusted IHD 




Large Metro 284 per 100,000 164 per 100,000 -42% 
Medium Metro 244 per 100,000 147 per 100,000 -40% 
Rural areas 266 per 100,000 173 per 100,000 -35% 
 
Source: Kulshreshtha et al (2014) 
This study excluded people from ‘fringe metros’ or ‘non-core areas’ which 
the authors noted usually have better health than other levels of 
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urbanization, which could potentially under-estimate the disparity 
between metropolitan and rural areas. 
2.5.4 Canada  
  
Canada is considered comparable, but by no means identical, to Australia 
in that it has a large geographical land mass, low population density with 
a similar healthcare system and political environment (69). Canadians also 
have similar rural-urban health disparities in IHD (69). An analysis of 
Canadian mortality data from 1986-1996, published in 2009, found that 
age-standardised mortality rates from circulatory diseases increased with 
remoteness for both men (377.7 deaths per 100,000 in the most rural 
areas compared to 354.5 per 100,000 in metropolitan areas) and women 
(229.2 per 100,000 in rural compared to 214.1 per 100,000 in 
metropolitan areas).  This study did not differentiate between different 
forms of circulatory diseases or adjust for differences in socio-economic 
status, but suggested this as a reason for higher mortality rates in rural 
areas in both Canada and Australia. Data used here were more than two 
decades old (69).  
2.5.5 Scotland 
 
Although IHD mortality rates in the UK have also decreased since the 
1970s, similar to trends observed elsewhere, from 1981-1999 rates in 
Scotland decreased much more slowly than England and Wales (64, 70) and 
remain the highest in Europe (71). Reasons for the Scotland’s higher IHD 
mortality have been attributed to geographical differences, being that 
Scotland is considered to be 89% rural in land mass (64). The rural-urban 
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differences within Scotland have also been observed for other non-
communicable diseases, again mirroring patterns in Australia (64). 
Differences have been attributed to less healthy lifestyles in the rural 
dwelling Scottish, demography of the rural populations including higher 
age profiles and increased socio-economic deprivation. An analysis of high 
quality, routinely collected population mortality data was linked to 
hospital admission data from 1981-1999 for 40-74 year old adults in 
Scotland (64). Rurality was classified into four levels based on post-codes 
and these were ‘urban areas’, ‘small remote towns’, ‘accessible rural areas’ 
and ‘remote rural areas’ (64).   
 The data showed that differences between different levels of rurality in 
both mortality hospital stays in Scotland diminished between 1981 to 
1999. However in-hospital mortality, or mortality from IHD within 28 
days of discharge remained significantly higher in rural areas (64). The 
authors emphasized that declines in mortality masked the ongoing rural 
health disparity, evident in the in-hospital mortality rate that could be a 
reflection of poorer clinical profiles of rural patients. The authors stated 
that there is a need for public health interventions to be tailored for the 
needs of these rural communities, a consideration repeated throughout 
the international literature for non-urban populations (29, 54, 64, 72, 73).  
2.5.6 Nordic countries 
  
An analysis of risk factor data in Sweden from the MONICA project, 
showed that risk factors for IHD such as BMI, cholesterol and blood 
pressure were less favourable in rural areas and were associated with 
increasing disadvantage which mirrors Australian observations, however 
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smoking rates were worse in urban areas between 1986-1999 (74). 
Contrasting to Australia, when communities were compared using 
population size as a proxy for rurality, the authors found that age 
standardized rates for all AMI, non-fatal AMI and fatal AMI (within 28 
days of hospital admission) were lowest in the smallest communities, and 
highest in the intermediate communities, leading the authors to conclude 
rurality was favourable in terms of IHD burden (75). However this study 
only included sampling within the two most northern counties of Sweden 
out of twenty counties, and may not be representative of other rural areas 
in the country. These two counties were also known to have higher IHD 
mortality and morbidity than the rest of Sweden (74). 
In the late 1960s, Finland experienced some of the highest IHD mortality 
rates in the world (72). The disadvantaged rural region of North Karelia, in 
eastern Finland was found to have the highest mortality from IHD, 
especially among men (643 deaths per 100,000) (76).  This area was 
populated predominantly by dairy farmers, with high intakes of saturated 
fats from dairy sources, coupled with low fibre and unsaturated fat 
intakes (76). This was a highly socially and culturally acceptable diet 
pattern among people living in the region, when compared to the rest of 
Finland (72, 76). Smoking rates, along with high blood pressure and 
cholesterol were also particularly high in the region and were associated 
with socio-economic disadvantage in the region (76, 77). However, by the 
year 2000, after a targeted public health intervention, the inequality in 
death rates between urban and rural populations in Finland was 
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eradicated, which was a gap equivalent to 25 additional deaths per 
100,000 for males and 18 additional deaths per 100,000 for females (72). 
International comparability of urban-rural inequalities in IHD is, as noted, 
very limited. Despite this many similarities are apparent, including 
unfavourable risk factor profiles in rural areas, higher rural IHD mortality 
and morbidity and the association with greater socio-economic 
disadvantage as remoteness increases. The heterogeneity between 
analysis of rurality across countries poses as a significant challenge as 
successful prevention initiatives in one rural region would be unlikely to 
be translatable at an international scale. Targeting rural inequalities in 
IHD burden would need to target inequalities in a context specific way 
that meets the needs of their communities. Overall the published 
literature on international urban-rural disparities in IHD appear to be 
limited to relatively old data, and despite the similar patterns, there is 
also large variation in how rural areas are defined and classified across 
different countries.  
2.6 Determinants of rural inequalities  
2.6.1 Evidence on the role of modifiable risk factors and IHD risk 
 
IHD is largely preventable as many of its risk factors are modifiable, 
including tobacco smoking, poor nutrition, physical inactivity, obesity, 
high blood pressure and high blood cholesterol (5). These risk factors are 
also common across most of the major non-communicable diseases 
(NCDs) including cancer, respiratory disease and diabetes. These risk 
factors are outlined (figure 2.2) in the WHO targets for reducing the global 
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burden of NCDs by the year 2025, and are the focus of prevention efforts 
worldwide (78). 
Figure 2.2: NCD risk factors and the WHO 25 by 2025 targets 
 
Source: The World Health Organisation (WHO) 
(https://www.who.int/nmh/global_monitoring_framework/en/) 
 
These factors have been identified in the World Health Organisation’s 25 x 
25 targets as significant in order to achieve the goal of reducing 
premature mortality from NCDs,  including CVD, by 25% by the year 2025 
(78, 79).  These modifiable risk factors interact and influence clinical risk 
factors such as increased blood pressure and serum cholesterol levels, to 
influence the risk of IHD (80).  There is ample evidence on how risk factors 
vary in the contribution to IHD risk in the form of meta-analyses of 
randomized, controlled trials (RCTs) and pooled prospective cohort 
studies. This evidence is used to inform public health recommendations 
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and dietary guidelines (81), and the evidence relating to each modifiable 
risk factor and IHD is summarized in brief below. 
 
Diet and IHD risk 
Dietary intakes are one of the main determinants of IHD risk (82). Almost 
all nutritional epidemiology is however, subject to significant risk of bias. 
For example, difficulties with the accurate measurement of intakes, 
confounding unmeasured factors affecting results in observational studies 
and challenges in conducting high quality randomised controlled trials 
(RCTs) for some exposures (83, 84). This leads to substantial imprecision in 
the estimates of causal relationships between dietary patterns, food 
groups, and specific nutrients with disease outcomes. There are many 
RCTs and cohort studies showing the cardio-protective effects of many 
specific foods groups (85). Despite many studies looking at different food 
groups or nutrients in isolation, the overall quality of dietary intake is the 
dominant factor in reducing IHD risk, yet this is exceptionally complex to 
measure (83, 85). Analysis of isolated nutrients and disease risk is often 
misleading, as the bioavailability of nutrients and phytochemicals, 
methods of food preparation, quality of carbohydrates, and fibre content 
can all complicate the relationship between an individual’s diet and their 
risk of IHD (83). 
 
Limitations of research looking at associations of specific foods or 
nutrients and IHD risk is inevitably affected by reporting bias, despite 
being collected by validated tools (86). Dietary under-reporting is also 
more likely in participants with higher BMI, lower education level and in 
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those over the age of 59 years (86).  In addition, tools that collect data on 
usual dietary intake try to capture intake patterns from the past, but are 
inevitably influenced by the participants’ immediate intake pattern which 
can vary significantly over days, weeks or even months, and over seasons; 
complexity that self-reported measures of dietary intake cannot 
accurately capture (84).  
 
Another consideration in interpreting research that is trying to measure 
associations of nutrients and disease risk, is that it is highly complex and 
often misinterpreted. An example is the conflicting evidence across 
different studies on vitamin E intake and CVD risk. Prospective studies 
showed significant associations between vitamin E intakes or 
supplements in prospective cohort studies (84). In contrast, evidence from 
RCTs have consistently shown a null effect between supplementing 
Vitamin E and CVD risk (84).  Associations seen in observational studies 
may not be a true association, but rather an artefact of unmeasured and 
residual confounding factors. Also, differences in associations between 
studies have been suggested to be due to methodological differences that 
lead to selection bias, or analysis being based on a single assessment of 
exposure (e.g. one survey of food intake), as well as variation in statistical 
analysis techniques (84).  To add to the complexity of research assessing 
associations between singular nutrients and CVD risk, is that nutrients act 
differently in isolation than to whole foods that are correlated with other 




Evidence from RCTs and prospective cohort studies have more 
consistently demonstrated cardio-metabolic benefits for macronutrients 
and food groups such as dietary fibre, fruits, vegetables, wholegrains, 
unsaturated fatty acids and the opposite effects for sugar, sodium, dietary 
cholesterol, saturated and trans fatty acids (85).  
 
Fruit and vegetable intakes in particular, are well-known to reduce the 
risk of IHD, with RCTs showing that adequate consumption positively 
affects serum lipid levels (87), blood pressure (88), insulin resistance (85) and 
makers of inflammation (89) in turn reducing the risk of IHD. Fruit and 
vegetables are highly nutritious and contain phytochemicals, antioxidant 
vitamins, minerals, soluble and insoluble fibre (85). A meta-analysis of 12 
cohort studies in 2007 concluded that fruit and vegetable intakes of more 
than five serves per day were required to reduce IHD risk, with a 17% 
reduction in IHD observed for those consuming more than five serves per 
day, when compared to those who were consuming fewer than three 
serves per day. However fruit and vegetables were not analysed as 
separate foods and differences were not analysed by sex or different 
cultural backgrounds and these results were based on a pooled sample of 
278,459 participants (90).  
  
A more recent review (2015) of 23 prospective cohort studies (a pooled 
sample of 937,655 participants), found a dose response relationship 
analysis showed an RR of 0.88 for IHD per 477g/day for combined fruit 
and vegetable intake. Separately the analysis showed an RR of 0.84 per 
300g of fruit intake, and an RR of 0.82 per 400g/day of vegetable 
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consumption (82).  There are limitations with both of the reviews 
mentioned here, most importantly being that the dietary data collected to 
extrapolate these estimates is based on self-report dietary intake data 
which is collected in a number of different ways. Most of the studies used 
food frequency questionnaires (FFQ) which is a validated tool but include 
inevitable measurement error in the form of reliance on an individual’s 
ability to recall their intake (91).  Notable is that the benefits for reducing 
IHD risk from fruit and vegetable intake have been found to be 
independent of other nutrient intake (such as fat, protein, carbohydrates) 
(92) and cannot be replicated with fibre and multivitamin supplements (93).  
 
Fruit and vegetables are a major dietary source of fibre which itself has 
been shown to independently affect IHD risk. A pooled analysis of 10 
prospective studies, including 91,058 men and 245,186 women, found 
that fibre consumed from fruit and cereals was inversely associated with 
the risk of IHD, with no statistical differences by sex (94).  The study found 
that for every 10g/day increment, IHD deaths were reduced by 19% and 
events by 12% (94) .A limitation of this study is that the fibre analysis was 
based on three food groups only, despite a wide variety of foods 
contributing to overall fibre intake. Although to be included in this review, 
studies had to have used a validated dietary intake reporting tool, it still 
holds the same limitations of reliance on the accuracy of individual recall 
of dietary intake and the risks of confounding in observational studies. 
 
Dietary saturated fats have been shown to independently alter the risk of 
CVD and IHD.  A Cochrane systematic review of 15 RCTs, based on a 
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pooled sample of 59,000 participants found that CVD risk declined with 
reductions in saturated intake (95). More specifically, for IHD, reducing 
saturated fats reduced the risk of fatal myocardial infarction (RR 0.90; 
95% CI 0.80 to 1.01) but evidence for reducing non-fatal myocardial 
infarction was unclear (RR 0.95; 95% CI 0.80 to 1.13) (95). The authors of 
this study concluded that there was a small but important reduction in 
overall CVD risk with reducing saturated fat intake, and public health 
recommendations should include encouragement for populations to 
permanently reduce saturated fat intake and replace energy with 
unsaturated fats. The authors stated that evidence on the association 
between saturated fat intakes and reduced IHD risk was limited by the 
duration of the RCTs and possible patient non-compliance to the trial diet. 
Studies also used different methods including only providing advice on 
reducing saturated fats to participants, whereas others provided all of the 
food participants were to consume for the trial period (95). 
 
Recently there has been some controversy around the role of dietary 
saturated fats and the risk of overall CVD and IHD, after a review of 
observational studies was published in 2015 showing there was no 
association between saturated fat intake and total CVD mortality in 
otherwise healthy adults (RR 0.97) (96). However there was a small 
association for IHD mortality (RR: 1.15) with high saturated fat intake and 
an increased risk of IHD mortality with increasing trans-fat consumption 
(RR: 1.36) consistent with previous research (96).  This review, although 
methodologically sound, is not as high quality as reviews based on RCTs, 
which provide stronger support for existing public health 
38 
  
recommendations. Further research with the inclusion of longer RCTs is 
needed (95, 96).  
 
Salt intake (in the form of sodium chloride) is also well-known to 
influence the risk of IHD, mainly through the nutrient’s effect on blood 
pressure (85). A systematic review and meta-analysis of RCTs that 
investigated reductions in dietary salt intake showed that regardless of 
ethnic background or sex, modest reductions in salt intake over four or 
more weeks, led to significant reductions in BP and therefore IHD risk (97). 
Changes in blood pressure were evident with a reduction of 4.4g salt/day, 
with a mean change in blood pressure of −4.18 mm Hg (95% confidence 
interval −5.18 to −3.18) for systolic blood pressure and −2.06 mm Hg 
(−2.67 to −1.45) for diastolic blood pressure. The review noted that there 
is potential benefit for reducing CVD mortality for populations even with a 
modest reduction in salt intake (97).  
 
Alcohol and IHD risk 
Alcohol’s cardio-protective factors have been strongly debated in the 
scientific literature. A systematic review and meta-analysis of 84 
prospective cohort studies found that pooled adjusted RRs for alcohol 
drinkers relative to non-drinkers was 0.75 IHD mortality and 0.74 for 
incident IHD (98). Lowest risk of IHD was observed with an alcohol intake 
equivalent to 1-2 standard drinks per day (2-14.5g/day). A 25-35% risk 
reduction for light to moderate drinking was observed for IHD (98). The 
authors caution that reviews of observational studies cannot determine a 
causal relationship of alcohol and IHD risk, and there was heterogeneity 
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in study methodologies. The review also does not account for potential 
biological impacts of timing of exposure of alcohol, and other confounding 
factors with alcohol consumption such as overall diet and socio-economic 
status that may also influence IHD risks (98). Another potential 
confounding factor is that moderate drinkers have been shown to have 
healthier attributes overall when compared to never drinkers (99).  
 
Another potential bias in alcohol risk studies is that the non-drinkers 
reference group is also difficult to define, as some participants may 
identify as non-drinkers yet may have previously been moderate-heavy 
drinkers which could influence CVD risk. In this review studies using 
lifetime abstainers were also used to validate the reference groups to 
alleviate potential bias (98). In contrast, studies utilising Mendelian 
Randomisation (MR) techniques, which uses the random nature of genetic 
variation among participants and analysis of associations of different 
genotypes (that are known to affect alcohol metabolism and 
consumption) have shown different results to observational studies (100). 
A MR study using data from 4,987 Chinese men showed that moderate 
alcohol consumption had no protective effects on self-reported IHD and 
negatively affected IHD risk factors such as blood pressure and 
cholesterol (100). The MR technique of investigating associations between 
alcohol intake and CVD is considered to be an ideal way of  confirming or 
refuting causation, however the method is less ideal for estimating the 
exact size of the causal effect (101).  
 
Physical activity and IHD risk 
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 Inadequate physical activity is a key risk factor in the development of 
many non-communicable diseases like IHD (102).  There is international 
consensus on public health targets for physical activity and 
recommendations currently suggest a target of 150 minutes of moderate-
intensity physical activity per week, or 75 minutes of vigorous activity 
(102-105).  A recent (2018) systematic review and meta-analysis of 
prospective cohort studies assessing physical activity and IHD risk, found 
that based on a pooled sample of 1,683,693 participants, the RR was 0.76 
for IHD mortality (reference: inactive population) for moderate physical 
activity of (11.5-29.5 MET hours per week) after adjustment for body 
weight (102). This review made the assumption that across all of the 
studies, the ‘inactive’ reference group had the exact same inactivity 
patterns. The authors did acknowledge this to be unlikely, as some studies 
may have had variability in activity within their inactive reference group 
and this may have reduced the validity of pooled relative risks 
calculations (102). 
 
Smoking and IHD risk 
Smoking tobacco is a major established risk factor for IHD, and is the 
leading cause of preventable death, leading to 7 million deaths annually 
around the world (106, 107). In Australia, the AIHW estimates that every 
year 15,000 deaths are caused by smoking (108). There is ample literature 
showing the link between IHD and smoking, and a recent (2018) 
systematic review and meta-analysis of 12 prospective cohort studies 
found that the RR for IHD for current smokers was 3.06 (95% CI 2.46-
3.82), and 1.38 for ex-smokers, when compared to the reference group of 
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never smokers (106). A limitation of this review was that although there is a 
strong association between IHD and smoking, there was large 
heterogeneity between the RRs reported within each included study. The 
authors reported that this was related to differences in study design, 
sample and definitions and could reduce the validity of results, although 
all studies had RR’s that exceeded 1.0 for the link between smoking and 
increased IHD risk. 
 
Obesity and IHD risk 
There is ample evidence showing the link between overweight and 
obesity and the development of IHD (109). Abdominal obesity (or central 
adiposity) has been shown to directly increase the risk of IHD in both men 
and women (109). Adipose tissue is thought to increase insulin resistance, 
blood pressure, serum triglycerides and place an increased burden on the 
circulatory system (110). An analysis of 57 long term prospective studies, 
including 900,000 adults, showed that all-cause mortality increased above 
the range of 22.5-25.0 kgm2 . The associated RR for IHD was 1.39 (95% CI: 
1.34-1.44) for a BMI within the range of 25-50 kgm2 (111). The authors of 
this research concluded that BMI is a good predictor of all-cause mortality 
(111). A case-control study of 27,098 participants of varying ethnic 
backgrounds found that increasing waist circumference (a proxy measure 
of central adiposity), showed that increasing waist was associated with 
increasing IHD risk, with an IHD mortality risk of 7.7% in the lower 
quintiles of measured waist to hip ratio, compared to 24.3% in the two 




Although controversial, there is evidence to support the phenomenon 
known as the ‘Obesity Paradox’ that shows, when overweight and obesity 
is defined by BMI, individuals with stable IHD that are classified above the 
healthy weight range (> 25kgm2) have been observed to experience more 
favourable IHD clinical outcomes and some reduction in risks following 
surgery to treat IHD (110, 113). However, the ‘Obesity Paradox’ literature 
may be limited by the fact that studies supporting this notion are often in 
older populations, meaning that patients with risky obesity may die 
earlier and are not included in these studies (110), with some evidence to 
suggest BMI as a measure, does not accurately measure the association of 
obesity with all-cause mortality in epidemiological studies (113). There 
have also been more recent suggestions that the ‘Obesity paradox’ 
evidence is questionable due to methodological problems in epidemiology 
(114). 
2.6.2 Evidence of the contribution of modifiable risk factors to rural 
inequalities in IHD 
 
Existing IHD risk factor data, such as nutrient intake data for rural 
Australia is scarce, often old or out-dated and frequently based on self-
report data. More significantly for the study of rural-urban inequalities, 
residents outside major population centres are frequently systematically 
excluded from participation in these data collections (15, 115). The 
Australian Health Survey has shown differences in modifiable risk factors 
by rurality (116). However the AHS is not regularly conducted and excludes 
sampling in remote and very remote areas, where risk factor levels could 
be even less favourable (116). The National Health Survey (NHS), which is a 
less comprehensive survey is conducted more regularly than the AHS, 
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conducted twice in the past 5 years (in 2011-12 and 2014-2015) (117). 
Previous surveys were conducted in 1989-90, 1995, 2001, 2004-05, 2007-
08 and 2011-12. The NHS collects data on smoking, exercise, alcohol 
intake, overweight and obesity, long term conditions and demographic 
factors such as socio-economic factors and rurality, but does not include a 
comprehensive assessment of dietary intakes (117). The NNPAS, conducted 
in 2012, was the first survey since the 1995 National Nutrition Survey 
that included detailed data collection on population nutrient intakes in 
Australia (118). 
 
Large population CVD risk factor surveys aside from the AHS and NHS 
include the National Heart Foundation of Australia’s Risk Factor 
Prevalence Survey during the 1980s, which only sampled capital cities, 
and the more recent Australian Diabetes Obesity and Lifestyle study 
(AUSDIAB) (119). AUSDIAB is a longitudinal study that was commenced in 
1999 with the most recent follow up in 2012 (119). The AUSDIAB study 
excluded areas that were considered to be 100% rural, had a population 
of less than 100 people over the age of 25 years, or had a population of 
more than 10% resident Aboriginal and Torres Strait Islanders. This 
equated to the exclusion of 3,326 census districts across Australia (almost 
10% of those available) (119).  Limited sampling of population surveys in 
rural areas makes risk factor levels difficult to estimate for these 
populations, and presents a significant barrier to the development of 




Previous studies of IHD inequality between areas within and outside of 
major cities do not provide empirical data as to the causes of the disparity 
(15, 19, 24, 34). Currently, there is a lack of empirical evidence regarding the 
role of modifiable behavioural risk factors, such as diet, exercise, smoking 
and alcohol intake, in the preventable health inequalities observed in 
rural Australia. A report by the AIHW in 2008, found that generally, 
people living outside of major cities are more likely in engage in 
unfavourable lifestyle behaviours when compared to their metropolitan 
counterparts (10). Risk factors also differ across the different remoteness 
categories, for example, different patterns are observed in inner/outer 
regional areas to remote/very remote, and it is important to note that 
remote risk factor estimates are limited due to low sampling in these 
areas (14).  
 
More recent data, from the 2014-15 release of the AHS, people living in 
inner regional areas reported smoking rates of 17% and those living in 
outer regional and remote areas reported 21% compared to 13% in major 
cities (14). People living outside of major cities reported higher levels of 
physical inactivity (70% in inner regional and 72% in outer regional and 
remote areas) compared to 64% in major cities.   
 
Smaller studies have shown similar patterns of unfavourable risk factor 
levels in rural Australia. A study that sampled adults from rural South 
Australia (n=478) and the western region of rural Victoria (n=413) found 
that risk factors were unfavourable in both rural areas, particularly for 
BMI and LDL Cholesterol (54). The study included both self-reported 
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behaviours and objective measures including measured body weight, 
blood pressure and serum cholesterol levels. Two thirds of the 
participants were overweight or obese, similar to statistics reported by 
the AIHW, with a mean BMI of 28 kgm2 for men across the two areas and 
between 28 and 29 kg/m2 for women depending on the sampling region.  
 
Two-thirds of participants were found to have a total cholesterol above 
the recommended level of 5.0 mmol/L, while two-thirds of men and 
almost 60% of women had unfavourable LDL cholesterol levels (54). 
Estimates from this study are much higher than the national average 
reported by the AIHW in 2017, with AHS data indicating 33% of males 
and females across Australia have unfavourable LDL cholesterol levels 
(120). The authors of the study emphasized the need for regular and 
ongoing surveillance of both behavioural and biomedical data within rural 
populations to enable the development of appropriate prevention efforts. 
This study had a small sample size and was restricted to two specific 
areas. Due to large heterogeneity between rural areas, the results of this 
study may not be representative of all rural areas, particularly in other 
states and territories of Australia. A statistical comparison of the levels of 
modifiable risk factors for diet, physical activity, smoking and alcohol is 
included in chapter 7 that shows differences in rural versus metropolitan 
risk factors based on the National Nutrition and Physical Activity (NNPAS) 
component of the AHS.  
 
Risk factors vary within rural areas, and not just when compared to those 
living in capital cities in Australia. A study conducted in the same area of 
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rural South Australia also found differences in risk factors in rural 
communities, by occupational status (121). The study by Davis-Lameliose et 
al (121)(2013), found that agricultural workers had better CVD risk factors 
than other people with different occupations living in the same region. 
Agricultural workers were found to have lower levels of alcohol 
consumption, healthier diets, lower fasting blood glucose and higher 
physical activity levels than participants with other occupations (121).  This 
study was based on self-report data and agricultural workers made up 
293 of the 1001 men and women sampled for the study. Based on analysis 
of socio-economic factors, the participants were found to be 
representative of other agricultural workers living in the rural area of 
South Australia. It is questionable whether this study is generalizable to 
rural agricultural workers in other parts of Australia, where industry 
characteristics, geographical isolation, climate and farming type would 
differ (121).  
 
The Australian Health Survey, along with showing differences in diet, 
physical activity, smoking and alcohol consumption by remoteness, also 
provides evidence to show that there are differences in biological risk 
factors by remoteness, which contribute to inequalities in the risk and 
burden of IHD (14). A recent report (2017) from the AIHW reported that 
the prevalence of high blood pressure was 27% in regional areas, 24% in 
remote areas compared to 22% in metropolitan areas (14) .Rural 
Australians also have higher blood cholesterol than their metropolitan 
counterparts, with 37% of inner regional and 38%  of outer regional 
residents having high cholesterol compared with 31% in metropolitan 
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areas. The prevalence of diabetes is also reported to be between 1.2-2.0% 
higher outside of major cities (14). As previously mentioned, very remote 
areas were excluded from the AHS data collection, meaning that estimates 
may under-estimate true differences in risk factor prevalence between 
metropolitan and rural Australia. 
 
It is expected that differences in risk factor levels would impact on 
mortality in rural areas, however the Australian Longitudinal Study on 
Women’s Health, found that differences in IHD mortality between rural 
and metropolitan areas were not due to differences in risk factors for 
women aged 70-75 years (122). Women in this age group living in outer 
regional areas were more likely to die from IHD when compared to their 
metropolitan counterparts (Hazard ratio: 1.36 (95%CI 1.10-1.70) (122).  
There were only small differences in hypertension, smoking behaviour, 
obesity and physical activity levels which were not of the same magnitude 
as the differences in IHD mortality between the two areas. Physical 
activity, height, body weight and smoking behaviour were based on self-
report data, potentially limiting the analysis of the role of risk factors in 
mortality differences.  The authors suggested that differences in mortality 
were more likely to be due to limited health care availability in rural areas 
(122).  
 
2.6.3 Evidence of other factors contributing to rural inequalities 
 
Lower levels of education and socio-economic status outside of major 
cities are suggested reasons for why rural populations may be at higher 
48 
risk of lower physical activity, alcohol misuse, smoking, overweight, and 
obesity and subsequently a higher burden of IHD when compared to their 
metropolitan counterparts (14). In contrast a recent comparison and 
analysis of CVD risk factor data of young adults aged 26 to 36 years 
(n=2567)  across Australia found that diets were poorer, leisure time 
physical activity was lower and smoking and obesity rates were higher in 
non-metropolitan areas, even after adjustment for socio-economic status 
and education levels (123). The authors of this study suggested that 
geographic location is a social determinant on its own and should be 
considered separate from the influence of socio-economic status (123).  
A study by Jacobs et al (2018) (39), that analysed CVD mortality from 2009-
12 by remoteness showed that socio-economic status accounted for 25% 
of the increased CVD burden in regional areas (compared to major cities) 
for females. For males socio-economic status was estimated to account for 
more than half of the increased CVD mortality burden observed in inner 
regional and remote areas. After adjustment for socio-economic status, 
CVD Mortality Rate Ratio (MRR) for those living outside of major cities, 
were attenuated but remained elevated with an MRR of  1.12 (95%CI 
1.07–1.17) for females in inner regional areas and a MRR of 1.15 ( 95%CI 
1.05–1.25) for males in remote and very remote areas compared to those 
in major cities. This study is consistent with the findings of Patterson et al 
(123), described above, that remoteness can behave as its own determinant 
of health outcomes, independent of socio-economic status.  
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Contrasting to AHS survey data, one smaller Australian study, based on 
self-report behavioural and biomedical survey data found that rural 
residents (n=1563) did not always have poorer cardiovascular disease 
risk factors than their urban counterparts (n=3036), based on calculating 
five year absolute CVD risk (15).  With analysis of socio-economic factors, 
differences in risk factors also diminished between the rural and 
metropolitan area in this study, leading authors to suggest socio-
economic factors played a more dominant role in the inequalities in CVD 
risk observed in the study region, than rurality. However given the small 
area and sample size used, questions remain around how generalizable 
these results are to other capital cities and rural areas within Australia. In 
addition, other studies have found that inequalities exist despite SES, 
indicating that rurality is an independent determinant (39, 123).  
 
Reduced access to health care has been associated with increasing 
remoteness in Australia and has deleterious effects on chronic disease 
prevention and outcomes in non-metropolitan areas (122, 124). Geographical 
access to health care is a key factor in rural residence accessing health 
care treatment and services and therefore is a major determinant of the 
reduced health status of rural populations(125). In 2010-11 the number of 
GP services provided in very remote Australia per person, was half that of 
their metropolitan counterparts (14).  McGrail & Humphreys (2015), 
through spatially mapping the access to primary health care services, 
showed that access was very poor across large portions of non-
metropolitan Australia, with inequalities in access across different levels 
50 
  
of remoteness (124). They observed that rural areas which are closer to a 
metropolitan centres tend to have increased access to primary health care 
when compared to very remote areas with low population density, but 
this was not always consistent at a national level (124).  Along with 
differing levels of access to health care, the use of health care resources is 
lower outside of major cities. In 2014-15, 84% of respondents in regional 
and 83% in remote Australia reported seeing a GP in the last 12 months, 
compared with 86% in major cities (14). The potential for accessing health 
care is also not simply determined by geographical distance alone. A study 
on the perceptions of rural Australians and access to GPs found that 
generally, consumers felt that personal GP preference and availability 
were more important than the geographical distance they would need to 
travel to access their GP for non-emergency care (126).  
 
A recent study (125) acknowledging that geographical access to health care 
is a major planning and policy issue in rural Australia, found that travel 
behaviour among rural residents should not be assumed as constant 
when analysing access to health care services. The study found that rural 
residents have different perceptions of travel times they are willing to 
undertake in order to obtain adequate healthcare, affecting uptake and 
utilisation of services.  Participants living in sparsely-settled communities 
were significantly more likely to accept travelling further to access health 
care services, than those living in more densely population rural areas. 
Those living in more densely populated rural communities were therefore 
less likely to travel to services outside of their community, reducing 
utilisation of specialist care services. These findings are evidence that 
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future planning, and modelling involving reducing barriers to rural 
communities in accessing health care, should not consider travel 
behaviour as constant across rural communities(125). This study did have a 
low response rate of 26% (n=1079) but sampled from a range of 
communities with similar access to health care levels to reduce bias. 
 
Access to health promoting information has been found to be lower in 
rural areas, potentially leading to less optimal health behaviours and 
playing a role in the poorer health status experienced by rural Australians 
(127). A study by Humphreys et al(127), investigated preferences for health 
information sources among rural residents. The study found that 
overwhelmingly, rural residents perceived their GP and pharmacist to be 
the most crucial source of preventive and health promoting information 
in their communities, across all age-groups, gender and geographical 
regions. An important consideration from this finding is that rural GPs 
experience major barriers to adequate health promotion training, and 
time to discuss such information with patients, due to higher patient 
ratios and demand. Although likely to still be an issue currently, this study 
was conducted in 1993, and there have been considerable advances in 
technology, leading to wider availability of health information and 
enhanced training options. However high patient ratios and poor access 
to GPs are still important and unsolved issues in rural health (124).  
 
Although it is clear that there are differences in disease burden by 
remoteness, there is limited scientific literature that is aimed at 
quantifying the role of behavioural and biomedical risk factors, and 
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subsequently the role of other factors (such as access to health care) in 
the inequities in IHD mortality observed between rural and metropolitan 
Australia.  
2.7 Efforts to reduce IHD in rural areas in Australia  
 
Primary and secondary interventions aimed at preventing IHD are 
essential actions to reduce the inequitable burden of IHD in rural 
Australia, and interventions need to consider the differences in rural and 
metropolitan context. There is international evidence, although limited, 
that shows the effectiveness of interventions aimed at preventing IHD in 
rural communities, when interventions are designed to meet community 
needs and context (76). Chapter 6 of this thesis provides a published 
systematic review of the scientific literature on primary and secondary 
prevention efforts focussed on in Australia.  The North Karelia project in 
Finland is a famous international example of a successful intervention 
that reduced rural inequalities in IHD burden. Identification of  high rural 
IHD mortality rates led to the launch of the North Karelia project in 1971-
1972 (72).  The project was focussed on improving diet quality and 
reducing high smoking rates in order to reduce high blood pressure, 
cholesterol and the risk of CVDs (76). 
Through targeting modifiable risk factors, the project reduced mortality 
rates from IHD by 84% in rural North Karelia. The study found death 
rates declined faster in the rural province of North Karelia, than the rest 
of Finland (-2.9% compared to -2.0% per year nationally for males, and -
6.0% and -5.0% for females in North Karelia and the rest of Finland 
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respectively) (72, 76). Success was attributed to community engagement, 
behaviour change and re-enforcement in government policy, which 
gained significant attention globally as an example of NCD prevention in 
high-income countries (76).  
2.8 Government policy and heart disease 
Rural health issues have been brought to the attention of policy makers 
since at least the early 1990s in Australia (9). In 1999, Chris Sidoti, the then 
Human Rights Commissioner published an article in the Australian Journal 
of Rural Health describing a dire situation in rural Australia, outlining how 
the Australian government was failing to assist rural communities to 
achieve the basic human rights, of equal access to health services, 
employment options and education (9). He argued that rural Australians 
pay the same  taxes as their metropolitan counterparts, yet they do not 
receive the same level of economic support or resourcing, creating an 
unfair situation that fosters inequalities in health (9). The tyranny of 
distance, low education and resources also reduces the political sway and 
power within rural communities contributing further to an environment 
of disadvantage and the ongoing reduction of resources (9). Almost 20 
years later, inequalities in health still persist strongly between rural and 
metropolitan communities, with very little action in terms of government 
policy and change (22). Improvements in IHD have been slower in rural 
areas (3, 14), providing evidence that there is still a lack of adequate, fair 
and comprehensive policy to improve the health of rural Australians, at all 
levels of government. 
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In 2009, another editorial was published that highlighted the ongoing role 
of politics in rural health inequalities in Australia, emphasizing that the 
government is yet to achieve equal, fair and sustainable health care for 
rural and remote Australians (7). Another issue is that policy has been 
historically siloed, and not rural specific, often impacting on  rural 
populations negatively (7), with rural health policy decisions rarely guided 
by the scientific evidence (7). The most recent rural health policy in 
Australia is the National Strategic Framework for Rural and Remote Health 
which was endorsed in 2011 (128), with a partnership between the federal 
government and all states and territories in Australia. The broad 
framework does not suggest disease focus areas, such as a prioritisation 
of cardiovascular disease (128).  In contrast, the preceding federal rural 
health policy, the 2003-2007 Healthy Horizon Outlook: A framework for 
improving the health of rural, regional and remote Australia (6), included a 
focus on the prevention of CVD, through improvements in health care 
access, primary care services and treatment interventions. Despite this 
focus, there continues to be a lack of action and inequalities in IHD burden 
are persistent for rural populations (5).  
The more recent framework recommends providing support to 
prevention services in rural areas, and that health promotion resources 
should be the focus of preventative activities. The framework does not 
provide further delineation of how this could occur, or prevention specific 
guidelines or targets. The framework does however, highlight that there is 
a need to further develop the evidence-base, to generate evidence 
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applicable to rural areas to assist with the development of improved and 
evidence-based policy (128).  
 
2.9 Evidence based policy theory  
 
‘Evidence Based Practice’ forms the basis and justification of strategies for 
clinical health interventions in modern medicine. In the clinical context, 
evidence-based guidelines for treatment of heart disease, such as acute 
coronary syndrome, take into account geographical challenges of the rural 
context and have been developed as a result of evidence  of the 
differences between rural and urban Australian populations (129). The use 
of scientific evidence is much less common in the practice of health policy 
and decision making at the population level (130, 131).  It is logical that  
health policy in rural Australia should use a more evidence led approach 
(132) to create health policy addressing non-communicable disease (NCD) 
risk that is specific to the rural context (73, 130, 131). In reality, 
implementation of evidence-based policy appears to have been hampered 
by competing agendas, shifting ‘policy windows’, differing government 
priorities (133, 134) and electoral promises, political pressures, resources 
and the individual values (7, 73, 130-132).  As the inequalities persist, there is 
very little research on the use of scientific- evidence within rural health 
policy (7).  
2.10 Summary  
 
Cardiovascular disease is the number one cause of mortality in Australia, 
and rural-dwelling Australians experience a disproportionate burden 
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when compared to their metropolitan counterparts. To date, there is 
incomplete monitoring and coverage of rural populations in terms of IHD 
burden, leaving this population largely under-researched and areas of 
need are poorly defined. Despite large declines in IHD mortality globally, 
and in Australia, rates are declining more slowly in rural communities(5) 
which provides evidence that Australian government policy is continuing 
to fail to meet the needs of rural Australians. There is evidence that risk 
factors vary by remoteness and that remoteness behaves as a 
determinant of health in Australian studies, like socio-economic status.  
Rural-urban inequalities in IHD have been shown to exist internationally, 
and there are success stories, such as the North Karelia project in Finland 
that showed the potential for cardiovascular disease prevention is great in 
disadvantaged rural communities. There continues to be a lack of 
empirical evidence on modifiable risk factors and the role they play in the 
inequitable IHD burden that exists in rural Australia, along with 
inadequate research into rural health policy and the use of the scientific 








This chapter provides a detailed overview of the methodology used for 
each study of this thesis. Five studies were conducted across three 
separate sections. 
The sections are: 
1. Evidence synthesis and Assessment (studies 1 & 2) 
2. Modelling risk factors and mortality (studies 3 & 4) 
3. Policy making and evidence use in rural areas (study 5) 
 
Methods from each of the five studies are described in chapters 4-9 within 
the study manuscripts. To avoid repetition this chapter provides more 
detail into the theory that underpinned the research questions and 
expands on other methodological details not fully described in the 










3.1 Summary of the sections of this thesis: 
 
This thesis uses a number of methods including a systematic review, 
quantitative modelling and a qualitative analysis. Each section describes 
the underlying epistemology and theoretical frameworks in use. This is a 
normal expectation in qualitative research (135) but is not always 
acknowledged in quantitative studies. 
3.1.1 Evidence synthesis and assessment 
 
The first research section of this thesis was guided by an epistemology of 
objectivism and a theoretical perspective of positivism (136). This section 
comprised two studies that used systematic review methodology. The 
first study was an investigation of the current peer reviewed literature on 
the level of inequality in IHD burden between rural and metropolitan 
populations, and the second study investigated the effectiveness of 
previous interventions targeted at rural populations in reducing rates of 
IHD. 
3.1.2 Modelling risk factors and mortality 
 
The second research section was also guided by epistemology of 
objectivism and a theoretical perspective of positivism (136). This section 
included two studies using quantitative macro-simulation modelling. The 
first study investigated the role of modifiable risk factors on the inequality 
of CVD and IHD mortality rates between metro and non-metro areas of 
Australia, by modelling expected changes in IHD mortality under the 
scenario that rural populations had the same levels of modifiable risk 
factors as their metropolitan counterparts. This analysis estimated the 
59 
  
proportion of the gap between rural and metropolitan populations that 
was due to differences in modifiable risk factors.  The second study 
modelled how much of the gap between rural and metropolitan 
populations would still exist under a ‘best case’ risk factor scenario. This 
scenario assumed both metropolitan and rural populations were able to 
achieve the public health recommendations for diet, physical activity, 
alcohol consumption and smoking. Together these studies demonstrate 
the role of modifiable risk factors in the gap rural-metro gap in IHD 
deaths, and how much of the disparity is not related to these factors, both 
of which have important policy implications. 
 
3.1.3 Policy making and evidence use in rural areas 
 
Building on the results of the first two sections, which generated new 
evidence about IHD inequalities between rural and metro areas in 
Australia, it was important to consider how evidence is or could be 
translated into health policy and to consult the rural community. The 
third section of this thesis was guided by the epistemology of post-
positivism. This section consisted of one study that used qualitative 
methods. The aim of this study was to gain an understanding of how rural 
policy makers view the IHD burden, and how they understand, and could 
potentially use scientific evidence when designing policy and 
intervention. 
 
Table 3.1 below shows a diagram of the theoretical basis of the three 
methodological sections of this thesis. 
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Table 3.1 Summary of the theories, methods and corresponding study number and chapter for each section of this thesis 
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Many studies that include both qualitative and quantitative studies are 
underpinned by mixed methods theory (11). This thesis is not underpinned 
by mixed methods theory, despite using both quantitative and qualitative 
methods. Mixed methodology theory was deemed not applicable here due 
to the requirement in its application that mixed methodologies are 
employed to contribute to answering the same, complex question. In this 
thesis each research question was linked but distinctly different, and 
warranted different research methods, which is not aligned with mixed 
methods theory (11) . Quantitative analysis was used for modelling 
population risk factors and mortality in section 2, but qualitative methods 
were used in section 3, as the focus of this section was understanding the 
perspectives of rural health policy makers, which is a connected yet 
different enquiry to section 2.  Table 3.1 gives a simplified summary of the 
underpinning theory and methods within each section of this thesis.  
Table 3.1: Summary of the theories, methods and corresponding study 










































































Notes: Ch. = chapter 
 
3.2 Evidence synthesis and assessment 
 
The first research section focussed on gathering and assessing all of the 
current evidence firstly on the IHD inequality that exists outside of major 
cities in Australia, and secondly, on previous interventions and attempts 
to prevent IHD in rural Australia. This section sought to synthesise what is 
known about the extent of the IHD disease burden in rural Australia and 
what prevention efforts have previously been attempted in order to 
identify gaps in the literature and guide the subsequent research sections.  
3.2.1 Theory to guide section 1 of this research  
 
This section was guided by epistemological theory and further guided by 
two existing theories; one around how place affects health (medical 
geography) and a further theory that is related to how health inequalities 
are unjust and inequitable (1, 137).  With respect to the scope of this thesis 
the theories have been summarised below are that of a ‘reductionist’ 
approach, and are described as simply as possible, despite being highly 




The epistemology, or underlying assumptions and knowledge used to 
guide this section is ‘Objectivism’. Epistemology in research is used to 
describe our philosophical grounding for deciding what kinds of 
legitimate findings are possible (136). There are many possible 
epistemologies that a researcher may identify with (136), and for this 
section the aim was to quantify the evidence that exists on the disparity in 
IHD burden between rural and metropolitan Australia. It was logical to 
recognise that this would be undertaken with an ‘Objectivist’ spirit (136). 
This epistemology holds the meaning that truth is ‘objective’ and exists 
regardless of human consciousness of it (136). To undertake research with 
an objectivist spirit, one is seeking to uncover the objective and 
indisputable truth. To contrast, this stance is opposing to 
‘constructionism’ as an epistemology; as this philosophical grounding 
comes with the view that there is ‘no meaning without a mind’, and we as 
human beings construct truth, and that truth is not objective (136). 
Quantitative research seeks to determine the concrete ‘truth’ about a 
particular topic, and in undertaking a systematic review, we are seeking 
to synthesize the truths that exist in the published literature, believing 
that the knowledge acquired is purely objective (136, 138).  This being said, it 
must be acknowledged that objectivism as an epistemology, arguably, is 
not strictly limited to quantitative research methods. 
Theoretical Perspective 
Theoretical perspectives in research describe how we as human beings 
make sense of the world around us, and how we determine ‘truth’ in 
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realities that we observe (136). The philosophical stance informing the 
methodology used in evidence synthesis and assessment section is taken 
with a ‘Positivist’ spirit, grounded in the ‘Objectivist’ epistemology 
described above. Positivism offers the idea that we are able to obtain 
unquestionable and accurate knowledge of our world and that truth is 
‘posited’ or existing prior to interaction of the object with a human mind 
(136, 138). As an example, a phenomenon is pre-existing and there to be 
discovered or uncovered(136).  
Guiding theories  
In bringing both objectivism and positivism (136) together to guide this 
quantitative research the research questions for this section are guided by 
existing theory on rural health. In searching for answers around why rural 
Australians experience a higher preventable disease burden than their 
metropolitan counterparts, we first must acknowledge the significant 
body of literature around the evidence that ‘place affects health’.  Rurality 
appears to be a paradigm of this theory in both Australia and 
internationally in developed countries. Health status has been shown to 
vary by place of residence and follow particular patterns in societies 
broadly.  Guiding these research questions is the theory around the 
importance of considering ‘medical geography’ which theorises the 
importance of acknowledging how ‘place’ in the human experience and 
‘space’ (in terms of measured distance and geography) are strongly 
intertwined and influence health outcomes (137).   
Theories on health inequalities have also underpinned the research 
questions from this section, and the overall thesis (1). Health inequalities 
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that are preventable are viewed as unjust and  inequitable (1). In the case 
of metropolitan Australia experiencing superior health status to its rural 
comparator this is a specific type of inequality, and as it is preventable 
and unjust, it is viewed here as an inequity.  Rural inequities in health; 
such as the example of IHD, a preventable condition being 
disproportionately burdensome in rural areas, should be seen as unjust 
(1). This justifies the need for exploration and viewing the increased 
burden of IHD in rural Australia through this lens will assist in 
determining solutions and further understand this issues.  
3.2.2 Study 1: ‘Rural Inequalities in the Australian Burden of Ischaemic Heart 
Disease’. 
 
This study was published in the Journal of Heart Lung and Circulation in 
August 2016 and is titled “Rural Inequalities in the burden of Ischaemic 
Heart Disease: A systematic review”, presented in chapter 5 of this thesis. 
Overview of research questions 
This study had two research questions: 
RQ1.How does the burden of IHD vary according to remoteness in 
Australia? 
RQ2.What are the socio-demographic characteristics or behaviours 
associated with any observed inequalities? 
Scope 
This systematic review provides a summary of the current original and 
peer reviewed research that analyses the difference in the burden of 
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disease of IHD between metropolitan and non-metropolitan areas of 
Australia. The systematic review included studies that compared the 
burden of IHD between major cities and any area described as being 
outside of major cities.  Studies investigating the burden of IHD 
exclusively among Aboriginal and Torres Straight (ATSI) people that met 
this criterion (comparing major cities to other areas) were also included.  
International studies were excluded due to uncertainty around the level 
of comparability between rural areas in different countries, mainly as a 
result of the extensive differences between countries, and how they define 
geographical regions. More importantly, there is no current 
internationally consistent definition for ‘rural’ health (24).   
Search strategy and data-bases 
To ensure all relevant studies were captured and to minimise any 
discrepancies, the Deakin University Librarians and my supervisors were 
consulted to check search terms and variations required to generate the 
largest number of results for each of the different databases. As a 
preliminary check, search terms were tested in different combinations to 
determine the level and relevance of results before commencing the final 
systematic search. The final systematic search was fully completed in 
January 2015 to ensure all studies published from 1990-2014 were 
included. 
The search was undertaken through six different databases and search 
terms were organised under the four main topic areas of ‘Cardiovascular 
disease (with specific mention of IHD outcomes), ‘Australia’, 
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‘regional/remote areas’ and ‘burden of disease’. The six databases were 
CINAHL, Medline, EMBASE, Academic Search Premier, Rural and Remote 
Health Database, Health and Society Database. The full details of the 
search strategy are described in Appendix 1.1.  
Inclusion and exclusion criteria 
The ‘PICO’ principle (Population, Intervention, Comparator, Outcome) for 
formulating an answerable research question was used to define the 
scope of this study, and determine inclusion and exclusion criteria (139). 
Population: Adults in Australia 
Intervention: Not applicable  
Comparator: Studies had to compare at least two regions with differing 
geographical classifications (levels of rurality), at the same point in time.  
Outcomes: Population level indicators of the burden of IHD, including 
mortality, morbidity, prevalence, incidence, case-fatality, hospital 
separations, disability-adjusted life-years (DALYs), treatment outcomes. 
Studies investigating determinants of inequalities between 
regional/remote and urban/metro populations in relation to IHD were 
included, but this was not necessary for inclusion. 
Limits 
The review was limited to studies published between 1990 until 2014. 
This is because trends and patterns in IHD before 1990 were likely to be 
driven by a different range of risk factors and environmental conditions 
(e.g. substantially higher male smoking rates, different economic 
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conditions in rural areas). The definition and characteristics of non-
metropolitan areas have changed significantly over time (25) and studies 
conducted before 1990 may also vary greatly in the comparability of 
results and methods.  
Tools and Software 
The process of searching, study selection, analysis and write up of the 
review was guided by the ‘PRISMA statement’ to ensure the high quality 
reporting of this review (140).  This review was also registered in the 
International prospective register for systematic reviews ‘PROSPERO’ in 
2014 (reference: #CRD42015020002).  Searches were conducted within 
each database and results were downloaded and exported using 
EndnoteX6 Software (Clarivate Analytics) to create six libraries. On 
completion of the searches, the separate endnote libraries were combined 
and screened for duplicates which were subsequently removed (see 
PRISMA Diagram in this published study Chapter 4). 
Two researchers (LA and KP) independently conducted the review of 
references gathered from the search, first by title and abstract, and then 
for full text. The second researcher (KP) who was involved in the 
screening is an experienced research assistant who has previously 
worked on systematic reviews. The second researcher and lead author 
(LA, candidate) met regularly over the process and any issues regarding 
inclusion/exclusion of references were rectified by consensus.   
Studies included in the final review were assessed for quality using the 
modified ‘Newcastle-Ottawa Scale (NOS) for Assessing the Quality of 
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Nonrandomized Studies in Meta-Analysis (141). This tool has been found to 
be reliable and valid for assessing the quality of non-randomized  data, 
such as cross-sectional and cohort study data in systematic reviews (142). 
Two researchers, LA and JJ independently assessed the quality of each of 
the included studies, and met to assess the level of agreement and resolve 
any discrepancies to determine the final quality scores (table 3.2 below). 
Comparative assessments were made between the studies as the NOS 
does not define scores as either ‘high’ or ‘low’ quality – this has been 
identified as an area of development needed for this tool (142). Assessment 
of the studies included in this review resulted in scores ranging from 5 to 
8 (out of a possible 9).  
Table 3.2: Quality assessment using the NOS of studies included in 
systematic review 1 from section 1 of this Thesis. 
Included Study New-castle Ottawa Score 
(NOS)  
1. Andreasyan et al, 2007 7 
2. Beard et al, 2008 7 
3. Bradshaw et al, 2009 5 
4. Brown et al, 2014 5 
5. Burnley, 1999 8 
6. Dinh Vu et al, 2000 8 
7. Dobson et al, 2010 6 
8. Jordan et al, 2011 5 
9. Joshy et al, 2014 7 
10. Katzenellenbogen et al, 
2012 
8 
11. Lim et al, 1999 7 
12. Phillips, 2009 7 
13. Randall et al, 2014  8 
14. Randall et al, 2013 8 
15. Randall et al, 2012 8 
16. Sexton & Sexton, 2000 7 
17. Shi et al, 2014 8 
18. Taylor et al, 1999 8 
19. Tideman et al, 2013  7 
20. Waters et al, 2013 7 







3.2.3 Study 2: ‘A systematic review of published primary and secondary 
interventions to reduce ischaemic heart disease (IHD) in rural populations of 
Australia’ 
 
This study was published in BMC Public Health in August 2016 and is 
titled ‘A Systematic review of published primary and secondary 
interventions to reduce ischaemic heart disease (IHD) in rural 
populations of Australia’. After collating and analysing existing evidence 
on the level of disparity between rural and metropolitan areas in study 1, 
this study synthesized the evidence on interventions that have aimed to 
address the inequalities in IHD burden experienced by rural Australia. 
The full manuscript is presented in chapter 6 of this thesis. 
Overview of research questions 
This study addressed the following research questions: 
RQ 3. What interventions have been conducted for primary and 
secondary prevention of heart disease among rural Australian 
populations that have been published in the peer reviewed literature? 
RQ 4. Have these prevention strategies been effective at preventing heart 
disease or reducing risk factors among rural Australians, therefore 
reducing the disparity? 
Scope 
This review examined risk factor interventions that have been 
implemented to reduce the burden of IHD outside of major cities in 
Australia. The review was focussed on the Australian literature only, 
published since 1990, for the same reasons as paper 1 of this thesis.  The 
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search terms were be derived from the four major topics of 
‘interventions’/ ‘regional/remote areas’/’ischaemic heart disease’/ ‘risk 
factors’. 
Search Strategy and databases  
As for paper 1, to ensure all relevant studies were captured, the Deakin 
University Librarians were consulted (along with the supervisors of this 
thesis) to check search terms and variations required to generate the 
largest number of results for each of the different databases. Search terms 
were tested in different combinations to determine the level and 
relevance of results before commencing the final systematic search. 
The search was undertaken through six different databases and search 
terms were organised under the four main topic areas of ‘rural’, 
‘ischaemic heart disease’, ‘Australia’ and ‘intervention or prevention’. The 
six databases were CINAHL, Medline, EMBASE, Academic Search Premier, 
Rural and Remote Health Database, Health and Society Database. Full 
details of the search strategy are described in Appendix 1.2. The final 
systematic search was completed in December 2015 and included all 
studies published from 1990-2015.  
Inclusion and exclusion criteria 
The inclusion and exclusion criteria were defined using ‘PICO’ (139), to 
define the scope of this review and maintain consistency with paper 1 of 
this thesis.  
Population: Adults living outside of major cities of Australia (rural, 
regional, remote)  
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Intervention: interventions aimed at the primary or secondary 
prevention of IHD, including targeting one or more risk factors, as 
outlined in the WHF 25x25 targets (143) (see figure 3.1), and improvement 
of services.  




Comparator: the study needed to compare outcomes in the intervention 
group to a control group (preferably) or to baseline measures. It was not 
necessary to compare to a non-rural intervention population.   
Outcomes: Changes in behavioural risk factors (physical activity/ diet/ 
alcohol/ smoking/ stress management), improving knowledge of IHD, 
health assessment measures (e.g. blood pressure, cholesterol), clinician 
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adherence to best practice guidelines for clinical treatment, or changes in 
the burden of disease (mortality/morbidity/complications). 
Limits: Studies describing intervention models (study design / protocol 
papers) without results were not included.   
Tools and Software 
The same method that was used in systematic review 1 of downloading 
and exporting the search results from the online database to an EndNote 
X6 library (Clarivate Analytics) was employed here. The process of 
research and reporting of this systematic review followed the PRISMA 
statement (140), and two other researchers (KP and JJ) were involved as a 
second assessors at all stages of screening for inclusion or exclusion of 
studies against the selection criteria. 
The Cochrane bias tool was used to assess the quality of interventions in 
studies included in the review (144).  This tool is widely used in systematic 
reviews and was recently used in a review looking the efficacy of primary 
prevention programs on reducing cardiovascular disease risk factors (145).  
I undertook the full quality assessment of all studies, and a second 
researcher reviewed a sample of the included studies against the bias tool, 
and any discrepancies were discussed and resolved to ensure consistency 
of assessment. The tool assesses studies to be at ‘low, medium or high 
risk’ of bias across six domains.  The assessments of each included study 
are shown in table 3.3 below. 
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high risk high risk high risk high risk low risk  low risk  
Burgess et al, 
2015 
high risk high risk Not enough 
detail to 
assess 
low risk  Not enough 
detail to 
assess 
high risk  
Carrington & 
Stewart, 2014 
high risk high risk high risk high risk low risk  low risk  
Higginbotha
m et al, 1999 
high risk high risk Not enough 
detail to 
assess 
high risk  low risk high risk 
Krass et al, 
2003 
high risk  high risk low risk low risk low risk low risk 
Kerr et al, 
2008 
high risk high risk  low risk low risk low risk  low risk 
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 Ray, 2001 high risk high risk  high risk high risk low risk low risk 
Rowley et al, 
2000 




3.3 Modelling Risk Factors and Mortality 
 
The second research section consisted of building evidence on the role of 
modifiable risk factors in the increased burden of IHD in rural Australia.  
This work built on the evidence generated in the two systematic reviews 
of section one by analysing population health survey data to understand 
the role of modifiable risk factors and the increased mortality rates from 
IHD outside of metropolitan areas. 
This section also consisted of two distinct studies, both of which used a 
macro-simulation model to understand the role of risk factors in rural-
metro IHD inequalities and the likely impact on IHD mortality as a result 
of potential shifts in population-level behavioural risk factors.  
 
3.3.1 Theory to guide section 2 of this research 
 
Epistemology and theoretical perspective 
This research section was guided by the same epistemology and 
theoretical perspective as outlined in the first section of this thesis 
‘Evidence synthesis and assessment’ (Table 3.1 and figure 3.2). Grounded 
in this epistemology and theoretical perspective is the theory that place of 
residence (such as rurality) influences health (137) and that the disparity in 
preventable IHD burden experienced by rural Australians, when 
compared to their metropolitan counterparts is inequitable (1). If health 
inequities persist, such as the burden of IHD as outlined in section 1, 
enquiry and analysis are needed to guide the development of solutions (1). 
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Prior to this study modifiable risk factors had not been quantified in 
terms of the proportion of contribution these factors make to the gap in 
mortality between rural and metropolitan populations in Australia.  This 
theoretical foundation guided the quantitative data analysis of modifiable 
risk factors, mortality and census data using the validated Preventable 
Risk Integrated Model (PRIME) in order to analyze the role of risk factors 
in the disparity in IHD between rural and metropolitan areas.  
Figure 3.2: Flowchart of theory underpinning the methods for 'Modelling 







Description of the simulation model: Preventable Risk Integrated ModEl  
(PRIME) 
This section of the research was undertaken using macro-simulation 
modelling techniques to predict the potential impact on IHD mortality of 
various changes in population behaviour. Both studies used the 
Preventable Risk Integrated ModEl (PRIME), developed by Peter 
Scarborough and his team at the University of Oxford (146). PRIME was 
first known as the ‘Dietron’ model in 2013 (147) prior to the expansion of 
the model beyond dietary factors to include other modifiable risk factors 
(physical activity levels, smoking and alcohol) related to the risk of NCDs. 
This model has been used to investigate potential impacts of different 
policy or public health intervention scenarios on risk factors and chronic 
disease mortality in the UK, Europe and Canada (147-154).  
PRIME is a Non-Communicable Disease (NCD) risk model that uses 
calculations based on population attributable risk to model the impact of 
modifiable risk factors on mortality from a range of NCDs (14). The output 
from the model itself can be used to examine the change in mortality of 
many NCDs under different counterfactual scenarios such as policy 
changes or population interventions that could alter the levels of 
modifiable risk factors within the population (146). The model can be used 
to extrapolate results of an intervention in a small sample to population 
level estimates of the potential impact on NCD mortality if the 
intervention were implemented more broadly.  
NCD risk models such as PRIME are essential tools in public health 
research (146, 147). NCD risk models are parameterised from the literature 
and are evidence-based. They can be used to test different hypotheses and 
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forecast the effect of new health policy or interventions on population 
outcomes, such as changes in disease burden or economic efficacy. 
 Estimates from NCD risk models can be used to provide useful evidence 
to assist in the advocacy for changes to existing policy, or in the design of 
larger research interventions (155). The PRIME model was selected for the 
analysis in this thesis, from among a number of high quality models used 
internationally. This selection was made due to the ability of the model to 
address the research questions around changes in modifiable risk factors 
in rural and metropolitan populations, under different scenarios.  PRIME 
allows for estimates of changes in nutrient intakes, physical activity, and 
alcohol and smoking rates, which are known to vary between rural and 
metropolitan areas in Australia.  
A similar model to PRIME, is the IMPACT policy model that has previously 
been used to quantify the role of risk factors and the impact of health 
policies on IHD mortality trends in the UK (155, 156) and Europe (157), 
Sweden (158), Czech Republic (159) , Slovakia (160) and Poland (161). In 
common with PRIME the IMPACT model requires the input of mortality 
data and risk factors such as smoking prevalence, physical inactivity, BMI, 
cholesterol, blood pressure and diabetes in order to provide estimates of 
deaths prevented or averted by each risk factor. The IMPACT model has 
been used to quantify the role of evidence-based treatments and risk 
factors in IHD mortality, for example modelling changes in cholesterol as 
a result of pharmaceutical treatment and the subsequent effect on IHD 
mortality reductions (160). A limitation of the IMPACT model in terms of 
the research questions included in this thesis is that the model does not 
81 
  
include the same detail of nutrient intake data as the PRIME model. 
Dietary intakes differ by rurality in Australia and have the potential to be 
amenable to policy and interventions (especially in relation to food access 
and availability in more remote areas). This made the PRIME model more 
appropriate in the context of this thesis in order to understand the role of 
risk factors in IHD mortality and to model the attainment of public health 
recommendations in study 4 which included dietary recommendations 
for fruit, vegetables, fibre, salt and fats.  
Another widely used NCD risk model is the ‘CHD policy model’ that uses a 
multivariate logistical modelling technique used to model scenarios in the 
US if changes in smoking rates, blood pressure and blood cholesterol 
levels, BMI and diabetes occurred, and the subsequent effects on IHD 
incidence and mortality (162). Aside from its focus on the US context, a 
limitation of this model is that it does not include the input of nutrient 
intake data. This was essential for the proposed analysis, as described 
above, and diet is one of the modifiable risk factors that had not 
previously been investigated in terms its role in the disparity in IHD 
between metropolitan and rural populations. An advantage of the PRIME 
model is that it explicitly models the expected impact of changes in 
dietary behaviours, through risk factors such as blood pressure and 
cholesterol, to mortality outcomes. The need for evidence around the role 
of modifiable risk factors (such as dietary intake) made PRIME the most 
suitable NCD risk model to answer the thesis research questions (162). 
Other important NCD risk models include economic modelling that 
provides insights into the impact of policy changes in relation to NCDs. 
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The ACE-Obesity model, which has previously been used to model cost 
effectiveness of different interventions and policy scenarios targeted at 
reducing childhood obesity in Australia (163). One study using the ACE 
model was able to model and compare different interventions, such as 
analysing differences in the cost of controlling food advertising to 
children, compared to the cost of  other obesity related interventions, 
such as metabolic surgery for the total population providing estimates if 
the economic costs, based on BMI reduction and associated health care 
savings (163).  
PRIME is an evidence-based model and is built on a framework of linkage 
between modifiable risk factors that have been generated from the results 
from meta-analyses of peer reviewed prospective cohort studies and 
randomized controlled trials (refer to figure 3.3, below) (146). The model 
requires the input of a ‘baseline’ scenario, usually the current observed 
situation and a ‘counterfactual scenario’, which is the hypothetical 
scenario that is under examination. The model uses inputs of estimated 
risk factor levels from population health data such as national health 
surveys, in addition to population, mortality and census data, to generate 
the expected number of deaths likely to be prevented under the 
counterfactual scenario. A Monte Carlo analysis provides 95% credible 
intervals. 
The model is parameterised with a relative risk (RR) estimate for the 
impact of differing levels of each modifiable risk factor (either categorical 
or continuous) on each NCD that is derived from the published literature. 
For example, for population BMI level, an increase of 5 kg/m2 in BMI, 
83 
  
above 25kg/m2, has the corresponding RR for IHD mortality of 1.42 (95% 
CI 1.35, 1.48) for males, and 1.35 (95% CI 1.28, 1.43) for females. These 
new risk levels are calculated for the counterfactual scenario and applied 
to the observed (baseline) mortality rates, which generates an output of 
change in expected population mortality.  The linkage of both behavioural 
and biological risk factors is shown in figure 3.3 which depicts a simplified 
structure of the PRIME model. The model includes behavioural risk 
factors that are also linked to biological risk factors that they have been 
shown to interact with, such as links between diet and obesity, blood 
pressure and cholesterol. Changes in biological risk factors as a result of 
changes in behavioural risk factors are explicitly modelled and influence 
estimates of NCD risk.  
Risk factors are linked and adjusted for changes in other risk factors to 
prevent double counting of effect sizes when numerous risk factors are 
changed under the counterfactual scenario (146). For example, changes in 
physical activity that may result in weight change are linked to obesity in 
the model, but also influences risk of NCDs directly as a separate risk 
factor, which is shown by linking arrows in figure 3.3 below. Another 
example would be that vegetable intake is linked to fibre intake which 
leads to changes in risks of cancers and cardiovascular disease. As shown 
in figure 3.3, altering fat intake interacts with blood cholesterol levels, 
which in turn impacts on IHD risk and the outputs of the model.  
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Figure 3.3: PRIME model Schematic Diagram 
Source: Scarborough et al, 2014 (146) 
 
Components of the model inputs 
Inputs of the model include data on dietary intake, physical activity, 
smoking and alcohol intake, which interact with intermediate risk factors 
such as obesity, blood cholesterol and blood pressure. The inputs 
required for the model are shown in table 3.4 and are detailed in chapter 
6 of this thesis. 
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Table 3.4: Inputs for the PRIME model by risk factor parameter and units 
Risk factor Parameter Unit 
Diet Total energy intake Kcal/day 
 Proportion of low/non-consumers of fruit (<1 
serve/day) 
% of population 
 Proportion of low/non-consumers of vegetables 
(<1 serve/day) 
% of population 
 Mean vegetable consumption of the remaining 
population 
g/day 
 Mean fruit consumption of the remaining 
population 
g/day 
 Fibre consumption g/day 
 Dietary cholesterol consumption mg/day 
 Salt consumption g/day 
 Total fat intake % of total energy intake 
 Saturated fat intake % of total energy intake 
 Monounsaturated fat intake % of total energy intake 
 Polyunsaturated fat intake % of total energy intake 
Alcohol Proportion of low consumers (<1 g/day) 
Mean consumption among the remaining 
population 
% of population 
g/day of pure alcohol 





% of population 
% of population 
% of population 
Physical 
activity 
Proportion of population who are sedentary 
Amount of moderate-vigorous activity among the 
remaining population 
% of population MET hours per week 







Uses of the PRIME model 
Results produced by PRIME can assist with priority setting by quantifying 
the change in mortality and morbidity, when certain levels of behavioural 
change are achieved, which in turn can lead to recommendations on 
which risk factors could possibly deliver the best population level health 
gains (146). An example use of PRIME, is to use data to model the change in 
NCD burden outcomes due to a change in food consumption after a new 
food tax scenario is introduced (146).   
An example of the use of PRIME to address similar research questions to 
those included in this section of the thesis was a study conducted in the 
UK which aimed to assess how much of the geographical variation in IHD 
mortality was a result of dietary behaviours. The study examined how 
many premature deaths from NCDs (including IHD), would be prevented 
if Wales, Scotland and Northern Ireland were to have similar dietary 
intakes to those reported by their English counterparts (147). The study 
found that the IHD mortality  gap was reduced by 88% for Wales, 58% for 
Scotland, and 88% for Northern Ireland, and concluded that if diets in 
those countries were improved to similar quality as the English diet, this 
would dramatically reduce geographical variations in mortality from IHD 
(147).  
Similarly, the model was used to estimate the number of deaths from 
cardiovascular diseases and diet-related cancers that would be averted if 
everyone in Canada met the public health recommendations for dietary 
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intake. The study found that 30,540 deaths (95% CI: 24,953, 34,989) 
would be averted every year in Canada if the population were able to 
achieve optimal dietary intakes and around 72% of this change in deaths 
would be due to improvements in fruit and vegetable intake (151). These 
findings guided recommendations for policy prioritisation and 
interventions that seek to encourage the population to achieve optimal 
fruit and vegetable intakes in order to reduce the burden of NCDs in the 
Canadian population.  
Data inputs and outputs of model  
The model requires a baseline (or current situation) and a counterfactual 
scenario (scenario under analysis).  The required inputs for the baseline 
scenario by sex and five year age bracket are:  
1. Estimates of all required modifiable risk factor parameters  
2. Crude mortality rates for each NCD that is under analysis and; 
3. Total population numbers (e.g. census data). 
 
For the counterfactual scenario, an alternate set of population risk factor 
parameters are required to generate expected changes in mortality 
(outputs). To undertake both macro-simulation studies for this section, 
data were collated separately for the rural and metropolitan populations 
to fit the PRIME model structure. The rural population was defined as 
people living outside of a major city in Australia according to the 
Australian Statistical Geography Standard criteria (164) (including inner 
and outer regional areas, and remote and very remote areas which 
equated to just over 6.5 million people in 2011), and the metropolitan 
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population was defined as anyone living within a major city of Australia 
(just over 15 million people in 2011) (figure 3.4). 
Figure 3.4: The Australian Statistical Geography Standard- Remoteness 
Areas, 2016 
                
Source: http://www.abs.gov.au/websitedbs/D3310114.nsf/home/remoteness+structure 
 
Risk factor data  
Dietary intake data were taken from the of the Australian Health Survey 
(AHS); National Nutrition and Physical Activity survey 2011-12 (NNPAS); 
the structure of these surveys and their relationship to each other are 
shown in figure 3.5 below (116, 118). The NNPAS collected detailed dietary 
intake data from 12,000 people using a 24-hour recall collected twice, on 
two separate days of the week (115, 118).  This allowed for the calculation of 
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detailed dietary data required for PRIME such as nutrient intake levels. 
These data were obtained through subscription to the ABS microdata, 
which is linked to the ABS TableBuilder portal (165). Using Stata SE 
(version 15) software, the average intake of the two day 24 hour recall for 
cholesterol, fibre, sodium, for percentage of energy intake from total fat, 
saturated fat, mono-unsaturated fat, polyunsaturated fat, mean alcohol, 
energy intakes were calculated for each participant and then a population 
mean and standard deviation by sex and 5 year age group was calculated 
to fit the PRIME model structure. Implausible intakes were excluded if the 
day of intake data had an energy intake (EI) to basal metabolic rate ratio 
of less than 0.9, as recommended by the ABS (115). 
The other modifiable risk factor data such as body mass index (BMI), 
physical activity and smoking behaviour were obtained from the core 
content of the AHS which included data from 32,000 adults. Using the ABS 
TableBuilder online application (164), these data were downloaded in the 
form required for the model. 
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Mortality data  
Mortality data from 2011, by remoteness, 5 year age bracket and sex were 
requested and received from the Australian Institute of Health and 
Welfare (AIHW).  The focus of the analysis was CVD and IHD, and other 
NCD outcomes were excluded from the modelling. Table 3.5 shows the 




Table 3.5: Diseases and corresponding ICD codes entered into the PRIME 
model to analyse changes in CVD and IHD mortality 
Disease state International Code of Diseases 
(ICD) reference 
Cerebrovascular diseases I60-I69 
Ischaemic heart diseases I20-I25 
Heart failure  I50 
Rheumatic heart disease I05-09 
Hypertensive disease I10-I15 
Diabetes E11,E14 
Aortic aneurysm I71 
Pulmonary embolism I26 
 
Population data  
Population data from the 2011 Australian census were used to determine 
population numbers for those living outside and inside of major cities as 
defined by the ASGS (164). These were entered by sex and 5 year age 
bracket.  
Data outputs  
The outputs of the model quantify deaths averted or delayed due to the 
changes in risk factors between the baseline and counterfactual scenarios 
as a total for each NCD and separately for each age and sex group (figure 
3.6). The model also estimates the number of deaths averted or delayed, 
due to specific risk factor changes, excluding the influence of other closely 
linked risk factors. For example, the model shows the change in number of 
deaths as a result of changing physical activity levels, with or without 
adjustment for changes in body weight as a result of changes in energy 
balance. Monte Carlo simulations of 10,000 iterations provide 95% 
credible intervals of the point estimates (number of deaths averted or 
delayed), based on between the 2.5th and the 97.5th percentiles of the 
distribution of results (146).  
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Figure 3.6: Example of output of deaths delayed or averted from the 
PRIME model in Microsoft excel.  
 
 
Limitations of the model 
Limitations of the PRIME model are discussed in studies 3 and 4 in 
relation to the analysis undertaken. Broadly, the PRIME model is limited 
by the assumption that the population is in a ‘steady state’, and does not 
account for the time lag between exposure (change in risk factors) and 
outcome (change in mortality)(146). Therefore it is not possible to suggest 
the timeframe in which the modelled outcomes would actually be 
achieved in reality and could lead to an overestimation in the impact on 
health that in reality would occur over a decade or more. Like many other 
NCD models, PRIME is limited by not being able to generate future 
projections of mortality but rather show differences (possible deaths 
averted or prevented) between alternate scenarios, meaning the results 
are impossible to validate against future mortality rates (146). NCD models, 
like PRIME, also cannot account for changes in population dynamics, such 
as differences in socio-economic status within compared populations and 
how these dynamics may influence on changes in mortality rates. The 
model also doesn’t account for the duration of exposure to risk factors 
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levels over the course of a lifetime, such as changing diet quality or 
smoking status, potentially leading to under or over estimations of the 
impact of different risk factors and therefore cannot estimate the progress 
of change within a specific time-frame. For example, all ‘ex smokers’ are 
considered as one category with a defined level of risk. This does not take 
into account the duration individuals were exposed to smoking (for 
example someone may be an ‘ex-smoker’ currently, but could have had 1 
year of exposure compared to 20 years or more of smoking), which could 
lead to significant differences in NCD risk in reality.  
Ethics 
Exemption from Ethics Review was granted for these two studies, using 
existing, aggregated data in the PRIME model analysis on 22/09/2015 by 
Deakin University Human Research Ethics committee with the reference 
number 2015-231. (Appendix 2.1.) 
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3.3.2 Study 3: “Quantifying the role of modifiable risk factors in the differences 
in cardiovascular disease mortality rates between metropolitan and rural 
populations in Australia: a macro-simulation modelling study.” 
 
This study was published in BMJ Open in October 2017 and the full 
manuscript is presented in chapter 7 of this thesis. 
Overview of research questions 
This study addressed the following research questions:  
RQ5: What is the role of modifiable risk factors in the differences in IHD 
mortality between rural and metropolitan populations in Australia? 
 
Scope 
This study modelled the counterfactual scenario in which everyone living 
outside of a major city in Australia achieved the same levels of modifiable 
risk factors as those living in major cities. The outputs of this modelling 
estimated how many deaths from IHD would be delayed or averted under 
that scenario. In addition to the PRIME modelling, hypothesis tests were 
conducted using Stata to compare rural modifiable risk factor levels to 
that of their metropolitan counterparts, to determine if there were any 
significant differences in nutrient intakes between the two populations.  
Baseline and counterfactual scenarios entered into the model  
The ‘baseline’ scenario modelled here was the levels of modifiable risk 
factors (dietary intakes, physical measurements, physical activity levels 
and smoking behaviours) as reported by the 2011-13 AHS for everyone 
living outside of major cities in Australia (the rural population) and the 
‘counterfactual’ scenario is the levels of the same modifiable risk factors 
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as reported by the 2011-13 AHS in the metropolitan population. Crude 
deaths numbers from CVD and IHD that occurred in rural Australia in 
2011 and census data on the number of people living outside of major 
cities was entered as the population denominator.  
 
3.3.3 Study 4: “A comparison of the modelled impacts on cardiovascular 
disease mortality if attainment of public health recommendations was 
achieved in metropolitan and rural Australia.”  
 
This study was submitted to Public Health Nutrition on 22nd of October 
and can be found in chapter 8 of this thesis. 
Overview of research questions 
 
This study addressed the following research question 
 
RQ6. What is the number of deaths from IHD that could be avoided in 
both rural and metropolitan Australia if public health recommendations 




To address the research question for this study, two PRIME models were 
run separately. The first model was the ‘metro’ model and was used to 
determine changes in CVD and IHD mortality within the adult 
metropolitan population of Australia if they were to meet public health 
recommendations for diet, alcohol intakes, physical activity and tobacco 
smoking. The second model was the ‘rural’ model which was used to 
determine changes in CVD and IHD mortality in rural populations under 
96 
  
the same counterfactual scenario, where everyone met public health 
recommendations.  
Baseline and counterfactual scenarios entered into the model  
The metro model had a baseline scenario of the observed level of 
modifiable risk factors as reported by the 2011-13 AHS for all participants 
living in a major city of Australia. Data on the number of deaths by each 
ICD category (as shown in table 3.5) were entered from the AIHW 
mortality database and metropolitan population numbers from the 2011 
census. For the rural model, the same data were entered as the baseline 
scenario as for study 3. For both models, the counterfactual scenario was 
the recommended level of modifiable risk factors for optimal public 
health in Australia (table 3.6) to determine how many deaths would be 





Table 3.6: Public Health recommendation levels entered into PRIME for 
each modifiable risk factor as the 'counterfactual scenario 
Risk 
factor 
 Prime Unit Requirement  Recommended 
level (input for 
counterfactual 
scenario) (source) 
Diet Proportion of low/non-consumers of fruit 
(<1 serve/day) (% of population) 
0% 
Mean fruit consumption of the remaining 
population (g/day) 
300g / day 
(2x 150g serves)  
(AGHE) 
Proportion of low/non-consumers of 
vegetables (<1 serve/day)( % of population) 
0% 
Mean vegetable consumption of the 
remaining population (g/day) 
375g / day 
(5 x 75g serves)  
(AGHE) 
Mean fibre consumption (g/day) Men: 30g / day  
Women: 25g / day  
(NRVs) 
Mean dietary cholesterol consumption 
(mg/day) 
180mg/day lower 
end of average 
intakes in literature, 
no UL/RDI  exists 
(NRVs) 
Mean salt consumption (g/day) 5g of salt/day  
Sodium is less than 
2000mg/day, M & F, 
converted to salt (g) 
(NRVs) 
Mean total fat intake (% of total energy 
intake) 
20% of total energy  
(NRVs)  
Mean saturated fat intake (% of total energy 
intake) 
6% of total energy   
(NRVs) 
Mean monounsaturated fat intake (% of total 
energy intake) 




Mean polyunsaturated fat intake (% of total 
energy intake) 
7% of total energy   
(NRVs) 
Alcohol Proportion of abstainers / low consumers 
(<1 g/day) 
 





Mean consumption (g/day) among the 
remaining population  
2 standard drinks 5 
days per week (14g 
of alcohol per day 
over 7 days) (DoH) 




0% current smokers 







Proportion of population who are sedentary 
Amount of moderate-vigorous activity among 
the remaining population (% of population 
MET hours per week) 
0% of population 
sedentary 
 
20 MET hours/week 
30min x 5/week 
convert to MET 
hours per week 
(DoH) 
Notes: AGHE- Australian Guide to Healthy Eating(166), NRVs- Nutrient reference values(167), DoH- 
Department of Health Alcohol recommendations(168), CPA- Compendium of Physical Activities(169). 
 
Proportions of deaths saved attributable to each risk factor were used to 
analyse the order of policy prioritisation for CVD and IHD prevention in 
both populations. Hypothesis tests of proportions were used to determine 
whether there were significant differences in declines attributable to each 
risk factor between the metropolitan and rural population under the 
counterfactual scenario. The baseline IHD and CVD mortality rates in both 
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metropolitan and rural Australia and the counterfactual mortality rates 
were analysed to assess whether or not an inequality in mortality would 
still persist, under the counterfactual scenario, in rural areas. Relative 
risks (RR) for IHD and CVD in rural areas were calculated for the baseline 





3.4 Approaches to policy making and prioritisation 
 
After collecting and synthesizing the evidence in section 1, and modelling 
data and producing new evidence in section 2, it was important to 
consider the practical interpretation and application of this research and 
connect with the rural policy-makers and understand further reasons 
behind the disparities in IHD between rural and metropolitan 
populations.  Section 3 explored the interface of evidence and rural health 
policy, and specifically examined the policy process as it applies to 
population health decision making, and priority setting for heart disease 
prevention in non-metropolitan areas. This section used a qualitative 
methodology to collect rich and detailed data from policy makers on their 
perception of the use of the scientific evidence in health policy to prevent 
IHD within the Australian rural context, and produced study 5 of this 
thesis. 
3.4.1 Theory to guide section 3 of this research  
 
Epistemology 
This section of research is grounded in the epistemology of post-
positivism (136). Post-positivism depicts the stance that truth is to be 
discovered, like objectivism, however post-positivisms considers that 
reality and truth will never be fully understood by the human mind, but 
instead ‘approximated’  (136). It assumes that the discovery of ‘truths’ are 
influenced by the observer’s context (136, 138). Research undertaken in ta 
post-positivist spirit seeks to remove as much subjective bias as possible, 
for example, the use of pre-determined frameworks to extract data (136, 
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138). This epistemology is relevant to this research as it involves the 
searching for and describing approximate truths in describing humans 
interacting with their society, and surroundings.  
Theoretical perspective 
Guiding theories 
Other theoretical considerations in this research include the questioning 
around the use of scientific evidence in guiding policy decisions and 
design. Therefore a guiding theory here was the ‘conceptual framework 
for context-based evidence-based decision making’. This theory describes 
how the use of evidence in decision making can be described in three 
distinct sections, being the ‘introduction’, ‘interpretation’ and ‘application’ 
of the evidence (131). This framework describes the importance of context 
in influencing the decision maker to use the evidence to guide policy 
formulation. Therefore the context of rural Australia needs to be uniquely 
identified and described and the framework used to guide the methods 
here was the ‘conceptual framework for understanding rural and remote 
health’ (30). This framework uniquely describes the rural Australian 
context, and how the interplay of different factors influence and 
ultimately produce the current situation of rural health in Australia. The 
framework acknowledges the unique role of the rural locale, geographical 
isolation, and the responses of health services, broader health system, 
broader social structures and power in influencing the un-equal health 
status of rural populations in Australia. 
 Definitions of terms: ‘rural’, ‘evidence’ and ‘policy’. 
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 ‘Rural’ - The definition of rural in this section is the same used throughout 
this thesis (any area outside of a major city) and is described further in 
chapter 2, section 2.3. It is important to acknowledge the substantial 
heterogeneity within this broad ‘rural’ definition, (ranging from large 
regional cities to very remote small settlements), however this 
simplification was used consistently to prevent confusion when talking 
with policy makers. 
‘Evidence’ – Evidence can mean different things for different people, so for 
this study it was made clear to participants that the aim was to 
understand their perceptions of the research evidence, or the scientific 
evidence: particularly published and peer reviewed studies or data.  
‘Policy’ – Data collection for this study was focussed on any intentional 
governance or guidelines within government to reduce the burden of IHD 
in rural communities.  
 
My view and background as the qualitative researcher  
According to the Consolidated Criteria for Qualitative Research reporting 
(135) it is essential that the qualitative researcher is transparent in 
describing their personal background at the time of the data collection 
and analysis of data. As the researcher interacts with the data, it is 
unavoidable that his/her personal background has some influence over 
the construction of knowledge as it develops from the research (135, 138, 170).  
The researcher in this picture is the author of this thesis, Laura Alston 
(myself). Aside from being a PhD candidate, I currently work as a rural 
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allied health clinician in the field of dietetics within my local health 
service. I am raising a family on a farm in rural Victoria, after growing up 
in metropolitan Melbourne. After witnessing first-hand the inequalities in 
health that rural communities experience and being able to compare this 
to my experience of working in the health sector in Melbourne, I have 
found an interest in the area of rural health.  Having my own children who 
will grow up in a rural area, motivates me to investigate the reasons for 
the disparity in health so these unjust inequities can be prevented for my 
children’s generation and following generations. At the time of data 
collection I had limited knowledge of health policy in rural areas and no 
pre-existing relationship with participants. This ensures that the effect of 
my own personal views and assumptions on the enquiry and data 
collection was minimized as much as possible, which is considered to be 
favourable in qualitative analysis (170).  
Ethics 
A low risk ethics application was approved by the Human Ethics 
Assessment Group from the Faculty of Health at Deakin University on the 
16th of June 2016 with the reference:  HEAG-H 91_2016.  See appendix 3.1. 
 
3.4.2: Study 5 “Policy makers’ perceptions of the high burden of heart disease 
in rural Australia: Implications for the implementation of evidence-based rural 
health policy.”  
 
To minimise repetition in this thesis the manuscript detailing the methods 
can be found in chapter 9 that includes the full published manuscript of 




Overview of research questions 
This study was led by the research question:  
 RQ7.  What are the perceptions of policy makers on the increased burden 
of IHD in rural Australia, and what are the facilitators and barriers to the 
adoption and implementation of scientific evidence in Australian health 
policy in the rural context? 
 
Scope 
This study is reported using the COREQ checklist for qualitative research 
reporting (135).  The main objective of this research was to gain an 
understanding of how the IHD burden is viewed and how policy makers 
prioritize this issue, as they go about the process of formulating policy for 
IHD prevention. This objective was explored through an ‘experimental’ 
qualitative research design as the aim was to validate meanings and 
practices expressed in the data, and the analysis focussed on the 
participant’s view of the rural health policy context. ‘Experimental 
qualitative research’ is defined as qualitative inquiry that seeks to 
understand the participant’s perspectives, and in this study, the aim was 
to seek out knowledge on the direct view of the participants in the study 
(138). 
Participants 
Local government perspectives were collected from policy makers 
working in the state of Victoria (n=9), and formed the majority of the 
rural community view in this study. State perspectives were also state 
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government level employees (n=3) that worked in roles focussed on rural 
health and national perspectives were sought from federal level 
government employees, advocates and policy advisors (n=9). Table 3.7 
shows the different roles of participants interviewed in the study. 
Table 3.7: Roles of the policy makers (participants) interviewed in study 
five 
Role Government level Number of 
participants 
Policy writer/developer Local (Victoria) 9 
Policy 
advisor/developer 
State (Victoria) 2 
Member of Parliament  State (Victoria) 1 
Advocate/ Policy 
advisor/ Academic 
National  9 
Interviews  
Interviews were conducted by the author of this thesis, and were either 
conducted in person (n=4) or via telephone (n=17) at the convenience of 
the participant. Interview duration ranged from 25 to 60 minutes. 
Questions were open ended, and the researcher questioned the 
participant further if relevant data were emerging.  Interviews were 
conducted from June until September 2017 and were transcribed by an 
external contractor and the resulting transcript was checked for accuracy 
before analysis commenced.  
An introduction of the study was discussed with the participants followed 
by the interview schedule, which was as follows:  
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1. Tell me about your current/previous roles and how this could
relate to prevention of heart disease in rural areas?
2. How does policy fit into your current/previous role?
3. What do you view as the major health concerns for the rural
population currently?
4. Ischaemic Heart disease rates are known to be higher outside of
major cities, in your experience, how is this increased burden
viewed? Is it a prominent concern for policy makers or people in
your area of work?
5. Can you give examples of past policies, or policy changes that are
likely to influence heart disease in rural areas?
6. What do you see as ‘evidence’ that you might use as information to
make a decision related to policy/prevention?
7. Do you feel that priority is placed on reviewing the scientific
evidence before making decisions on rural health policy?
8. In your experience, to what extent is the scientific evidence
consulted when making decisions about policy/prevention in rural
areas? (If participant is unsure of what is meant by ‘scientific
evidence’: Definition of what is meant by ‘scientific evidence’:
Published research studies, national data sources (e.g. mortality
data), and government reports such as those provided by the
Australian Bureau of Statistics and Australian Institute of Health
and Welfare.)
9. What are the barriers to applying the scientific evidence when
designing policy to reduce heart disease in rural areas, if any?
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10. Do you feel that you have access to the evidence you need to 
understand rural health issues? What about specifically for heart 
disease? 
11. How confident do you feel in using and interpreting the scientific 
evidence on health inequalities in rural Australians, when making 
decisions or acting on policy? 
12. Why/why not? Is there room for improvement if the answer is yes?  
13. Do you feel you could benefit from more support in understanding 
the scientific evidence on this issue? ( In terms of support, this 
could be access to expert researchers in the field, or further 
education in interpreting scientific papers, data etc.). 
14. I have here a number of examples of types of evidence from 
different sources. I would like you to have a look at these and think 
about which types of evidence you see as the most powerful.  
Please arrange the cards in order from most to least [significant], 
and explain as you go why you have ranked different options 
highly or poorly.   
15. If you could choose one risk factor that you think would make the 
biggest impact on reducing heart disease in rural areas, which one 
would it be? How much would you expect to be able to reduce it by 
through policy changes? 
 
The interview schedule was flexible, and not always strictly followed in 
the above order, and was used as a guide. Some participants went into 
more detail in answering some questions, but not others. If appropriate, 
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participants were asked for more information, or to explain further as 
necessary and appropriate. 
Data analysis 
Transcripts of the audio data were uploaded to NVivo software, version 
11 (QSR International, Australia) and a thematic analysis was undertaken.  
Data collection was continued until saturation, whereby no new themes 
emerged from the data and repetition was frequently noted between 
interviewees’ responses. State and Federal level interviewees views were 
found to be consistent, hence they were combined to form one group; 
‘higher level’ government participants, and these responses were 
compared to those of the participants working in rural local governments. 
A theoretical thematic analysis (138) was undertaken using a combination 
of the two frameworks described above, the ‘conceptual framework for 
context-based evidence-based decision making’ (131) and the ‘conceptual 
framework for understanding rural and remote health’(30).  A full 
description of the framework analysis can be found in chapter 9 in the 









CHAPTER 4: RESULTS 
This chapter introduces the result section of this thesis which are 
presented in five separate studies. Following from this introduction, there 
are five chapters that include the authorship statement, and each of the 5 
manuscripts that make up the core of this thesis.  At the time of 
submission, the first 3 studies have been published in peer-reviewed 
journals, and the 4th and 5th manuscripts have been submitted. The PhD 
candidate, Laura Alston is the first author of all five manuscripts.  
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CHAPTER 5: STUDY 1. ‘Rural 
Inequalities in the Australian 
Burden of Ischaemic Heart 
Disease’ 
This chapter consists of an authorship statement for study 1, titled ‘Rural 
Inequalities in the Australian Burden of Ischaemic Heart Disease’, and 
followed by the paper that was published in the peer-reviewed journal of 
Heart, Lung & Circulation online in August 2016, and in print in 2017. This 
study is part of section one of ‘Evidence synthesis and assessment’ of the 
published evidence on the increased burden of IHD in rural Australia. 
The paper addresses the first research question of this thesis: 
RQ1.How does the burden of IHD vary according to remoteness in 
Australia? 
RQ2. What are the socio-demographic characteristics or behaviours 
associated with any observed inequalities? 
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Introduction
The most common form of CVD in Australia is ischaemic
heart disease (IHD) (also known as coronary heart disease
(CHD)), which includes two major clinical presentations:
acute myocardial infarction (AMI); and angina pectoris
(AP). Ischaemic heart disease significantly contributes to
the burden of disease and premature mortality in Australia
as well as the rest of the world [1].
Where an individual resides may affect their ability to
obtain optimal health status. Population density, and as a
result, access to services, varies immensely across Australia
[2,3]. Life expectancy in Australia decreases with increasing
remoteness [4], and rural populations have significantly
Objective To summarise all available evidence on the differences in burden of ischaemic heart disease (IHD) between
metropolitan and rural communities of Australia.
Methods Systematic review of peer-reviewed literature published between 1990 and 2014. Search terms were derived
from the four major topics: (1) rural; (2) ischaemic heart disease; (3) Australia; and (4) burden of disease.
Terms were adapted for six databases and two independent researchers screened results. Studies were
included if they compared outcomes related to IHD in adults aged 18 years and over, between (at least) two
areas of differing remoteness, at the same point in time.
Results Twenty studies were included and presented data collected between 1969 and 2010. Seventeen studies
showed a clear disparity in IHD outcomes between major cities and regional and remote areas, with a
consistently higher burden observed outside major cities. Among Aboriginal and Torres Strait Islander
populations, fewer differences were observed and some IHD outcomes were not associated with
remoteness.
Conclusions Populations outside of major cities in Australia bear a disproportionately high burden of ill health due to
IHD, yet the majority of the rural populations are yet to be investigated in terms of burden of disease
outcomes from IHD.
Implications Remoteness is a key determinant of IHD burden in Australia. The reasons for increased IHD burden in rural
compared to metropolitan communities of Australia are poorly understood, which has implications for the
design of targeted interventions to reduce geographical inequalities.
Keywords Rural  Heart disease  Burden  Inequality
© 2016 Australian and New Zealand Society of Cardiac and Thoracic Surgeons (ANZSCTS) and the Cardiac Society of Australia and New Zealand (CSANZ). Published by Elsevier B.V.
All rights reserved.
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higher risk of cardiovascular diseases, cancers, and all-cause
mortality [1].
The terms ‘rural’ and ‘remote’ can be used to describe a
wide variety of geographical areas outside of major cities or
urban centres [5]. Australian Institute of Health and Welfare
(AIHW) 2009-10 data show that death rates from IHD for
men and women in remote and very remote areas are 1.3 and
1.2 times greater than for men and women in urban areas [6].
Little is known about how other IHD outcomes, such as case
fatality rates, incidence, and prevalence vary by remoteness.
There is some evidence that urban-rural inequalities in
IHD and chronic disease burden are also present in the
Aboriginal and Torres Strait Islander (ATSI) population
[6,7]. ATSI peoples are more likely to live in rural areas than
urban areas and are also more likely to suffer from a higher
prevalence of chronic diseases [4,8]. This has been suggested
as a possible explanation for higher IHD burden outside of
major cities [4].
Advances in the prevention and treatment of IHD has
successfully reduced heart disease mortality [6]. However
inequalities for rural populations remain [6]. Data collected
by the Australian Bureau of Statistics (ABS) and the Austra-
lian Institute for Health and Welfare (AIHW) indicate that
there is much to be discovered about the role of different
factors (for example, socio-economic status (SES), ATSI heri-
tage, reduced access to health services or differences in
behavioural and clinical risk factors) in contributing to the
increased and preventable burden of IHD in rural areas [1,4].
It is also unclear whether this disadvantage is uniform, across
all disease indicators, making it difficult to set priorities and
identify steps to reduce preventable inequalities. This review
sets out to address these limitations and provide a summary
of the evidence in this area, to identify gaps in data coverage
for Australians, assist in informing policy makers and practi-
tioners, and support the formulation of evidence-based, tar-
geted interventions.
Objectives
The objective of this study was to summarise the available
peer-reviewed literature that provided comparisons of the
IHD burden between urban and rural areas of Australia, and
identify gaps in the literature.
Methods
Systematic review - Prospero review registration
#CRD42015020002.
Scope
This review included studies with outcomes relating to the
burden of IHD in rural versus urban populations of Australia
published in the peer-reviewed literature between 1990 and
2014. Due to significant heterogeneity in the methods and
outcomes of studies included here, it was not feasible to
perform a meta-analysis. Rural, remote and urban are
defined and measured in many different ways including
population density, municipal zoning, service provision
and urban footprint [14,15]. For the purposes of this publica-
tion, the terms ‘urban’, ‘metropolitan’ and ‘metro’ are con-
sidered to mean localities defined as major cities by the
Australian Statistical Geography Standard (ASGS) remote-
ness areas [3]. The terms ‘rural’, ‘regional’ and ‘remote’, are
understood to mean areas not defined as major cities by the
ASGS (including inner regional, outer regional, remote and
very remote).
Search Methods to Identify Studies
Six databases (CINAHL, Medline, EMBASE, Academic
Search Premier, Rural and Remote Health Database,
Health and Society Database) were searched in July
2014. Recent cross-sectional and longitudinal studies con-
ducted in Australia formed the basis for this review.
Search terms provided coverage over four main topic areas
of (1) rural; (2) ischaemic heart disease; (3) Australia;
and (4) burden of disease, and terms were adapted appro-
priately to each database. A supplement of full search
terms is available on request from the corresponding
author.
Inclusion Criteria
Studies were included in the review if they: were published
in English in a peer-reviewed journal from 1990 to 2014;
reported data from a subset of the Australian adult popula-
tion; and, provided a comparison of at least two regions with
differing remoteness classifications at the same point in time.
Studies focussing solely on Indigenous Australians that com-
pared regional/remote burden of disease to urban Indige-
nous populations were included. Studies were included if
they reported at least one of the following population level
indicators of the burden of IHD as primary outcomes: mor-
tality; morbidity; prevalence; incidence; case-fatality; hospi-
tal separations; disability-adjusted life years (DALYs); or
treatment outcomes. Data related to any of the specific con-
ditions within IHD were also included (e.g. AMI, AP, Acute
Coronary Syndrome (ACS)).
Screening
Screening for studies was conducted independently by two
researchers at title, abstract and full text stage (LA & KP).
Differences were discussed and resolved by consensus,
with referral and discussion with a third reviewer if nec-
essary (MN). The Newcastle Ottawa scale (NOS) for cohort
studies was used by two researchers to independently
assess the quality of all final full texts that were to be
included. The NOS applies three criteria of study selection,
comparability to other studies, and quality of outcomes.
All studies were assessed against this scale (not just
cohort studies), as the criteria applied by the scale are
general enough to be transferable [9]. Data extraction
was undertaken by the lead researcher, and a 25% sample
of the studies was replicated by a second researcher and
the two data extracts compared and checked for
consistency.
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Results
Of the 5,319 papers identified in the initial search (after
removal of duplicates), 20 studies met the criteria and were
included in this review. Reasons for exclusion included that
studies did not report data on outcomes specific to IHD (for
example, just reporting on CVD as a whole), did not compare
two areas with different remoteness at the same point in time,
and/or did not report results for Australia.
Of the 20 studies included in the final analysis, 17 reported
an increased burden of IHD in rural populations, compared
to those in urban or metropolitan areas. The study samples
were unevenly distributed across Australian states and ter-
ritories. Six studies used a nationally representative sample
and seven were conducted in New South Wales (NSW)
(Figure 1).
The outcome measures used in the included studies were:
mortality; hospital admissions; incidence; prevalence; case-
fatality rates after AMI-related admission or coronary sur-
gery; and rates of revascularisation procedures for AMI
patients. No studies were identified that investigated differ-
ences in IHD-related DALYs between rural and metro areas.
Mortality
Seven studies conducted between 1986 to 2007 described
mortality rates in rural versus urban areas. Burnley [10],
found that for NSW residents, during 1990-1994, major cities
had a standardised mortality ratio (SMR) lower than the state
average (0.92 for males and 0.95 for females). Regions classi-
fied as rural areas or inland towns had the highest number of
statistical local areas (SLAs) with AMI mortality rates that
were significantly higher when compared to the state average
(p=<0.05) [10]. Major cities had the highest number of SLAs
with AMI mortality rates significantly lower than the state
average, and death rates overall were higher outside of the
state capital [10]. Sexton and Sexton [11] report similar results
on a national level, finding that death rates from AMI and
IHD were higher outside of major cities across Australia from
1986 to 1996. Taylor et al., [12] analysed data collected in
1991-95, and found that after adjusting for age, relative risks
for IHD mortality among 35-74 year-olds living outside of
metro areas of NSW were significantly higher than for those
living in metro areas (p=<0.001). Tideman et al., [13] found
that in South Australia (SA) between 2002 and 2006, com-
bined IHD and stroke rates increased with remoteness. This
was not always consistent, however, as one area of metro-
politan Adelaide had a higher mortality rate than the state
average. Dobson et al., [14] found that for women aged 70-75
years, those living in outer regional areas had a significantly
higher IHD death rate when compared with major cities,
throughout the period 1996 to 2006, (Hazard Ratio: 1.36
(95% CI: 1.10, 1.70)), but differences were not significant
for inner regional or remote areas.
Three studies [15–17], reported on differences in ATSI
IHD deaths rates by region of residence. Andreasyan
et al., [15] analysed data from 1997 to 2000 and found that
SMRs for AMI and all IHD for ATSI people were found to
increase with remoteness in Queensland (QLD). They report
SMRs for AMI of 2.56 (95% CI: 1.83-3.41) for ATSI popula-
tions compared to non-ATSI populations in major cities,
increasing with remoteness to 4.99 (95% CI: 3.63-6.48) in
very remote QLD. Randall et al., [16], found that between
2002 and 2007, AMI rates in NSW overall were significantly
higher outside of major cities for both non-ATSI and ATSI
populations combined (p=<0.01). Conversely, a study by
You et al., on Northern Territory (NT) data from 1992 to
2004 [17], showed that AMI deaths without an admission to
hospital did not differ by remoteness for ATSI populations,
but increased with remoteness for non-ATSI populations
(Odds ratio (OR) for remote compared to urban 1.70, 95%
CI: 1.38-2.09).
Hospital Admissions
Three studies provided data on hospital admissions by
remoteness: two national studies [18,19] and one from
NSW [20]. Beard et al., [20] reported on data from NSW over
1996-2002 and observed that the rate ratio of AMI hospital
admissions for patients residing in non-metro postcodes
compared to metro postcodes was 1.27 (1.04-1.51) [20]. Joshy
et al., [18] examined 158,546 individuals from the ‘45 and Up’
cohort study between 2000 and 2011, and reported crude
hospital admission rates by remoteness, and found no differ-
ences by level of remoteness [18]. Waters et al., [19], reported
on national data from 2005-07 and 2007-08 and found that the
rate ratio for hospital admissions and mortality for IHD in
remote and very remote areas (combined) compared to major
cities was 1.3 in 2005-07, and 1.4 in 2007-08.
Figure 1 Number of published studies investigating
rural and metropolitan differences in ischaemic heart
disease burden Australia, by state,1990-2014
Abbreviations for Figure 1. QLD: Queensland, ACT:
Australian Capital Territory, NSW: New South Wales,
VIC: Victoria, TAS: Tasmania, SA: South Australia, NT:
Northern Territory, WA: Western Australia. Note: num-
ber of studies does not add up to 20, as some studies
included data from one or more states.
L. Alston et al.
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Incidence
Three studies reported on IHD incidence [17,21,22], and
included comparisons of ATSI and non-ATSI populations
in the analysis. Bradshaw et al., [22], compared the IHD rate
in metropolitan Perth, Western Australia (WA), to data col-
lected in a remote community of the NT in 2005 [23]. They
found no significant differences in the incidence of IHD
between the two areas (event rate per 1000, with 95% CI:
metro=12.6 (10.2-15.6), remote=11.0 (8.7-13.9)) [22]. Katzenel-
lenbogen et al., [21], using data from 2000 to 2004, found no
differences in the incidence of AMI by location for the ATSI
population in WA, however, non-ATSI people had a higher
incidence of AMI outside of metro areas [21]. Similarly, in the
NT, You et al., [17], found no differences in AMI incidence
among ATSI people by remoteness, though again, non-ATSI
people had a higher rate of AMI outside of the state capital
over the 12 years from 1992 to 2004.
Prevalence
Waters et al., [19] and Phillips [24] reported no significant
differences in self-reported prevalence of IHD by remoteness
from the 2004-05 National Health Survey (NHS), and Jordan
et al., [25] found similar results in their study from 2002-04,
which reported on prevalence of IHD among 77–83 year-old
women across Australia. However, a study by Brown et al.,
on a relatively small ATSI sample from regional Alice
Springs and surrounding towns, found that prevalence of
IHD was highest in the populated area of Alice Springs, with
lowest rates reported in the less populated, remote areas in
2008-09 [26].
Revascularisation Rates
Randall et al., presented rates of revascularisation after AMI
by remoteness. A sample of adults admitted to NSW hospi-
tals with a principal diagnosis of AMI between 2000 and
2009, showed that people admitted to a non-metro hospital
were significantly less likely to have revascularisation pro-
cedures, which the authors argue may indicate a potential
lack of appropriate resources in non-metro hospitals [27].
Case Fatality
Two studies reported on differences in AMI mortality rates
occurring in hospital by remoteness in NSW. Beard et al., [20]
found that relative risks were lower for metro compared to
non-metro patients (RR= 0.95 (95% CI 0.84-1.09)) between
1996 and 2002. Dinh Vu et al., [2] found no difference in crude
mortality between metro and non-metro hospitals from Feb-
ruary to June 1996, however, when adjusted for disease
severity, patients had 90% higher odds of dying in non-metro
hospitals after AMI (OR: 1.90 (95% CI 1.21-3.23)).
Randall et al., reported on long-term mortality after AMI
admission based on data from NSW patients admitted with
AMI between 2001 and 2008 [28]. Major cities were used as a
reference to assess adjusted odds ratios for both 30-day, and
365-day mortality after admission for AMI. The study found
that all-cause mortality at both time points was significantly
higher for people treated in non-metropolitan hospitals for
AMI [28].
Shi et al., [29], was the only study to report on outcomes
after isolated coronary surgery by remoteness. The study
sample included people in the state of Victoria undergoing
surgery between 2001 and 2009. The study analysed survival
after coronary surgery and found that there was no differ-
ence by remoteness for 30-day mortality after surgery, how-
ever, seven-year survival was poorer in remote areas.
Quality Assessment
Scores were allocated based on the three NOS criteria, how-
ever the tool does not currently recommend a cut-off score
that distinguishes between high and low quality studies, so a
relative comparison was considered. Two [25,26] of the 20
studies rated poorly (a score of 5) in comparison to the others
(average score of 7-8) due to factors such as a small study
sample [26] and presentation of self-reported data without
linkage to medical or registered death certificate records [25].
The rest of the studies included in this review had larger and
more representative samples, controlled for multiple factors
when considering the impact of remoteness and verified
outcomes with secure record linkage such as hospital records
or registered death certificates.
Discussion
The Australian based studies returned in this review dem-
onstrate inequalities across a range of IHD outcomes for rural
populations, when compared to their metropolitan counter-
parts. This review identified 20 studies, conducted between
1969 and 2010, that assessed differences in a range of IHD
outcomes between metropolitan and rural areas of Australia.
More than one third of the studies (n=7) reported on pop-
ulations residing in NSW only. With the vast majority of the
Australian population unassessed, there remain questions
around the true magnitude of rural inequalities nationwide.
Given that IHD, which is a preventable disease, contributes
significant disease burden and mortality in Australia, there
are comparatively few studies demonstrating differences in
outcomes between rural and urban populations in the peer-
reviewed literature (Table 1).
Differences between urban and rural areas were most
obvious in the studies using mortality as the primary out-
come measure. All seven studies observed increased IHD
mortality outside of major cities, with three studies [10,12,16]
identifying significant differences in mortality outside of
major cities, consistent with previous reports from the
AIHW[6]. These findings are comparable to other high-
income countries, such as the United States, Japan, and
United Kingdom, who have also identified higher rates of
IHD mortality outside of urban areas [30–32].
Self-reported prevalence, as indicated by the NHS, showed
no difference by remoteness [19,24,25], despite the observed
higher mortality in rural areas, leading the authors to
hypothesise that people in rural areas may have lower health
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1997-2000 All registered Indigenous






Ratio (SMR) for AMI and
other IHD
Major cities:
AMI SMR: 2.56 (1.83-3.41);Other IHD
SMR: 2.48 (1.74-3.48)
Inner Regional:
AMI SMR: 232 (1.68-3.32);Other IHD
SMR: 2.35(1.55-3.37)
Outer Regional:




SMR: 3.42 (2.34-4.89); Other IHD SMR:
3.32 (2.33-5.06)
Very Remote:
AMI SMR: 4.99 (3.63-6.48); Other IHD
SMR: 4.30 (2.70-6.15)
Alcohol consumption is




1996-2002 All patients treated for ACS
and all AMI admissions
(n=129,045), and deaths





Rate ratio (RR) adjusted for





R=0.95 (0.84-1.09) Admissions RR=1.27
(1.04-1.51)
Different levels of access to




1980-2006 Aboriginal adults without
IHD in the NT (n=906) and
Perth (n=998)
Urban = Perth, Remote =
community in the Northern
Territory
First IHD event rate
(hospital admission or
death) per 1000 population
Urban: 12.6/1000 (10.2-15.6)
Remote: 11.0/1000 (8.7-13.9)
P = > 0.05
Clinical profiles were found
to be different between the
two populations with obesity,
blood pressure and diabetes




2008- 2009 Aboriginal Australians
(n=436). Purposeful sampling
techniques
Urban = Alice Springs
Town camps = camps on the
fringes of Alice Springs
Remote = 10-400 km from
Alice Springs











SES and psychosocial factors
influence CVD risk
Burnley, 1999 1969-1994 All death certificate data
coded for AMI (n=not stated)
Statistical local areas
classified into 4 categories:
metropolitan (Sydney);
Newcastle-Wollongong; lesser
inland towns; and, rural
areas
Age standardised SMR for














Reduced Access to health















665 NSW patients with the
main discharge diagnosis of
AMI
Hospitals were categorised as
Major Metropolitan Referral
(n=5) and Major Non-
Metropolitan Referral (n=6)
Crude mortality rate and
Odds ratio (OR) for in-
hospital mortality adjusted






OR for in-hospital mortality
Metropolitan hospitals (Ref)
Non-Metropolitan hospitals
OR= 1.90 (1.21, 3.23).











sample of women (n=12,400)
aged 70-75 years
ARIA remoteness categories Hazard Ratios (HR) Major cities: (Ref)
All rural areas:
HR = 1.08 (0.91, 1.28)
Inner regional: HR= 0.97 (0.8, 1.17)
Outer regional:
HR= 1.36 (1.10, 1.70)
Remote:
HR= 0.77 (0.4, 1.5)
Differences in behavioural
risk factors by location was
observed; physical activity
was lower in remote areas, as




2002-2004 N= 944 Urban and Rural
women aged 77-83 years
ARIA remoteness categories Self-reported prevalence of
IHD (%)
Major cities = 79.6%
Inner regional= 86.6%
Outer regional and remote=84.9%
Differences in utilisation and










ARIA remoteness categories Crude rates for IHD



















































Aboriginal adults aged 25-74,
n=2,143
ARIA remoteness categories Age standardised AMI
incidence RRs for both
Aboriginal and non-




All males: ASRR = 1.31*
All females ASRR = 1.12*
Very remote
All males: ASRR = 1.01All All females:
ASRR = 2.05*
Non-Aboriginal males aged 25–54 years,
regional ASRR= 0.84* (0.74–0.95) Very
remote ASRR= 1.21*(1.02–1.45)
Aboriginal males aged 25-74 years,
regional ASRR=1.34* (no CI given), all
other ages difference =NS
Aboriginal women age 55-74 years, very
remote ASRR= 0.6*: difference=NS by
location
Non-Aboriginal women by age group,
difference=NS by location
The protective effect of
remoteness for Aboriginal
populations could be a result
of access to stronger cultural
lifestyle practices that result
in better psychosocial
support and promote health
Phillips, 2009 2001-2008 Nationally-representative,
cross-sectional health survey
data (n=not stated)




Outer-regional and remote: 0.67*
remote= 0.82*
Rural people’s awareness of
IHD appears to be lower
Randall
et al., 2014
2002-2007 Adults aged 25-84 in NSW,
n=65,548. Linkage study of
hospital and mortality data.
ARIA remoteness categories RR of AMI adjusted for age,
sex and Aboriginal status
Major cities: (ref)
Inner Regional: 1.16 (1.04-1.28)
Outer Regional: 1.11 (1.01-1.23)
Remote and Very Remote: 1.22 (1.02-1.45)
P=< 0.01
Higher disadvantage in rural
areas.
Randall et al., 2013 2000- 2009 Adults aged 25 to 84 years
admitted to NSW public
hospitals with a diagnosis of
AMI (n=59, 282).
ARIA remoteness categories Adjusted Hazard Ratio
(AHR) for revascularisation
– adjusted for age, sex, year,
aboriginal status, type of
AMI, comorbidities
Major Cities: (ref)
Inner Regional: 0.56 (0.44-070)
Outer Regional R: 0.51 (0.42-0.64)















Randall et al., 2012 2001-2008 N=60,047 NSW patients aged
25-84 years admitted with a
diagnosis of AMI
ARIA remoteness categories Adjusted Odds Ratio (AOR)




Inner Regional 30-day AOR: 1.15 (0.94-
1.41)
365-day AOR: 1.16 (0.97-1.39)
p= <0.001
Outer Regional:
30-day AOR: 1.56 (1.26-1.94)
365-day AOR: 1.54 (95% CI 1.27-1.87)
p= <0.001
Remote/Very Remote:
30-day AOR: 1.83 (95% CI: 1.19-2.81)
365-day AOR: 1.79 (95% CI: 1.22-2.61)
p= <0.001
Differences in access to
treatment resources in Rural
hospitals
Sexton & Sexton, 2000 1986-1996 Administrative data, all
Australian residents aged






Declines in mortality from
IHD and AMI, over 1986-
1996















risk factors and disadvantage
by remoteness
Shi et al., 2014 2001-2009 N=14,150 Victorian patients
undergoing isolated coronary
surgery
ARIA remoteness categories 7-year actuarial survival,
30-day mortality
Major cities:





7-year: 79 W 2.0%
(To Major cities p=0.01, to Regional
p=0.087).
30-day: no difference
Differences in clinical profiles
by remoteness.
Taylor et al., 1999 1991-1995 Data from the NSW Health
Department database and
NSW Registrar of Births,
Deaths and Marriages, adults
aged 35-74 years (females,




RR for IHD mortality,
adjusted for age, sex and
county of birth (COB)
Metropolitan (ref)

















































2004-06 Adults aged 35-74 years
(n=4,285), from the North
West Adelaide Health Survey
(NWAHS) and the Greater






Crude mortality rates (per
100,000) for IHD and stroke
combined
NWAHS (major city) to GGT (regional)
crude mortality rates (p=0.028).






Remote and Very Remote
CMR: 125(118-132)
Various social determinants
and access to appropriate
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literacy regarding heart disease. One significant finding from
this review is that there are very few studies that examine the
inequalities in IHD prevalence between urban and rural areas.
Differences in mortality, incidence and prevalence rates by
remoteness were not as consistently observed in ATSI versus
non-ATSI populations. Among ATSI populations, the evi-
dence for an urban-rural inequality is mixed, and in some
cases, there was a suggestion that living in remote areas may
be protective for IHD. You et al. [17] reported that ATSI
people in rural areas in the NT were no more likely to die
from IHD than ATSI people living in Alice Springs, an urban
centre. Conversely, Andreaysan et al. [15], and Randall et al.
[16], who reported on data from QLD and NSW respectively,
reported higher IHD mortality rates for rural ATSI popula-
tions when compared to their ATSI counterparts living in
urban areas. Differences in the incidence of IHD by remote-
ness in ATSI populations were found to be non-significant in
three studies [17,21,22] however differences remained clear
for the non-ATSI populations in two of these studies [17,21],
with higher rates in rural areas. Remoteness was found to be
protective for ATSI peoples in a single study in the NT [26],
with higher IHD prevalence recorded in the urban area
analysed. These results could be influenced by challenges
in collecting and recording accurate data on ATSI identifica-
tion, smaller population numbers, and difficulties collecting
accurate incidence data for IHD [7,17].
Studies examining inequalities in IHD burden among ATSI
peoples between rural and urban areas have proposed vary-
ing reasons for why increasing remoteness may not always
show higher mortality, incidence and prevalence from IHD
in ATSI populations. The authors of these studies included
suggestions that remoteness may be protective for ATSI
populations due to increased access to more traditional ways
of life [21], and that clinical profiles and risk factors may not
be worse in rural areas. Bradshaw et al. [22] reported
increased rates of obesity, diabetes and high blood pressure
in an urban ATSI population in WA when compared to a
remote community in the NT [22]. These studies demonstrate
that remoteness may protect against unfavourable IHD risk
factors for ATSI populations in some areas, and not others.
Further investigation is needed to determine the mechanisms
behind this phenomenon.
Across all of the studies examined, mechanisms suggested
to explain the observed inequalities by remoteness included
lower socio-economic status (SES) in some remote areas
[12,16,24,29], higher levels of behavioural risk factors
[7,14,15,19,21], and psychosocial risk factors [13,26], different
clinical profiles [13,18,21,22,29], reduced access to health care
[10,13,17,20,25,27] and differences in the use of effective
treatment [28] in rural versus metro areas. As a whole, there
was little empirical data presented to support the hypoth-
esised explanations.
There is evidence to show that there are differences in IHD
risk factors between rural and urban areas [1]. Data from the
2007-08 NHS show that there were higher levels of obesity,
smoking and alcohol abuse in those living outside of major
cities [1]. These differences in key risk factors are likely to
contribute to inequalities in IHD outcomes between these
two populations [33].
Differences in access to health care are also likely to play a
role in the inequalities observed [13,14,25]. Rural people face
considerable challenges in accessing health care when com-
pared to those living in cities: they may have to wait longer to
see a doctor than their urban counterparts, and generally must
travel much longer distances to the nearest health service,
which can have important consequences for the prompt treat-
ment of IHD [34]. A limited number of studies identified in
this review reported on differences in treatment between
urban and rural areas, yet, there was evidence that poorer
treatment received outside of major cities was likely to be a
contributor to inequalities in mortality and other health out-
comes [27].
Long-term mortality after AMI admission, and both short-
and long-term mortality after coronary surgery were shown
to increase with remoteness [2,27,29,35]. Authors of these
studies tended to attribute these differences to differing
clinical profiles of patients presenting in rural areas, and
differences in the use of evidence-based medications by
rural hospitals. One study identified differences in the use
of effective cardiac medications by remoteness [2] indicating
potential issues with access to up-to-date knowledge of
cardiac medications and resources in rural hospitals. This
study was conducted in a small area of NSW, based on data
from 1996 and may not represent the current situation
nationally.
The challenges of physical isolation from major health ser-
vices are also likely to play a role in the timely provision of
procedures to treat IHD, such as percutaneous coronary inter-
vention (PCI), which may also contribute to the inequalities in
outcomes for rural IHD patients [16,27,36,37]. Sites providing
these lifesaving treatments require specialist staff, equipment
and access to emergency surgical services which are less likely
to be available in smaller, rural health services [27]. Recom-
mended treatments for acute coronary syndrome (ACS) have
been found to be less frequently adopted in smaller regional
hospitals, when compared to larger, urban hospitals, as shown
in a recent study that assessed the management of acute
coronary syndrome in different hospital types across Australia
and New Zealand [37]. Randall et al. also found lower rates of
revascularisation among patients being treated for AMI in
regional and remote hospitals in NSW, compared to metro-
politan hospitals [27]. Further research is required to under-
stand the extent and causes of these differences and to identify
potential solutions that are feasible within the resource con-
straints of rural health services.
Strengths
This review took a systematic approach to identifying all
Australian peer reviewed studies published over a large
timeframe (1990-2014), and to the best of our knowledge,
it is the first systematic review to summarise research on the
inequalities in IHD outcomes between rural and metropoli-
tan populations. The relatively broad inclusion criteria meant
that a large number of potential studies (n=5,319) were
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screened and that the final dataset included 20 studies across
a broad range of IHD outcomes.
Limitations
Despite the systematic approach taken, we have been unable
to draw significant conclusions on the actual level of the
disparity between urban and rural areas. The studies
included here had heterogeneous methods and outcome
measures that precluded a meta-analysis. We also only
included studies that directly compared between urban
and rural areas, omitting cross-sectional studies conducted
only in rural areas, which may also show differences in IHD
outcomes when compared with other population data, and
may have returned a larger number of results. An additional
complication of analyses of health burden differentials
between metropolitan and non-metropolitan areas in
Australia, is that there is variability between studies in the
geographical definitions applied, and the use of a standar-
dised geographic classification systems is not always appar-
ent [5]. Of the 20 studies identified here, six did not use a
standardised measure of remoteness as defined by the ABS
[3], potentially limiting the comparability of these studies.
This finding is consistent with previous research that ‘rural’
remains difficult to define in the Australian health context,
and is debated internationally [5,33].
Implications
There is a gap in our understanding of the reasons for, and
extent of, inequalities in IHD outcomes between urban and
rural areas of Australia, for both ATSI, and non-ATSI pop-
ulations. Larger scale analysis, with equality across all states
and territories, is required to enable more accurate conclu-
sions around the extent of inequalities, and to assist policy
makers and health professionals in prioritising and design-
ing policy and interventions to reduce the IHD burden in
rural areas. Such data should include assessment of risk
factors for IHD, in order to identify which factors are con-
tributing to the inequality in IHD burden observed between
rural and metro areas.
Conclusions
Significant investigation into the preventable burden of IHD
in Australia has occurred in recent decades, yet rural pop-
ulations have been left largely under-researched, and little is
actually known about the extent of and reasons for inequal-
ities observed. Accurate and effective policy and intervention
will be difficult to develop until differences in IHD burden
between rural and urban Australia are more thoroughly
researched and documented within the peer reviewed
literature.
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CHAPTER 6: STUDY 2. ‘A 
systematic review of published 
primary and secondary 
interventions to reduce 
ischaemic heart disease in rural 
populations of Australia’ 
This chapter consists of an authorship statement for study 2, titled ‘A 
systematic review of published primary and secondary interventions to 
reduce ischaemic heart disease in rural populations of Australia’ and 
followed by the paper that was published in the peer-reviewed journal of 
BMC Public Health in August 2016. This is the second study of section one 
of ‘Evidence synthesis and assessment’ of the published evidence on the 
increased burden of IHD in rural Australia. 
The paper addresses the following research questions of this thesis: 
RQ3. What interventions have been conducted for primary and 
secondary prevention of heart disease among rural Australian 
populations that have been published in the peer reviewed literature? 
RQ4: Have these prevention strategies been effective at preventing 
heart disease or reducing risk factors among rural Australians, therefore 
reducing the disparity? 
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A systematic review of published
interventions for primary and secondary
prevention of ischaemic heart disease (IHD)
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Abstract
Background: Rural Australians are known to experience a higher burden of ischaemic heart disease (IHD) than their
metropolitan counterparts and the reasons for this appear to be highly complex and not well understood. It is not
clear what interventions and prevention efforts have occurred specifically in rural Australia in terms of IHD. A summary
of this evidence could have implications for future action and research in improving the health of rural communities.
The aim of this study was to review all published interventions conducted in rural Australia that were aimed at the
primary and/or secondary prevention of ischaemic heart disease (IHD) in adults.
Methods: Systematic review of the peer-reviewed literature published between January 1990 and December 2015.
Search terms were derived from four major topics: (1) rural; (2) ischaemic heart disease; (3) Australia and; (4)
intervention/prevention. Terms were adapted for six databases and three independent researchers screened
results. Studies were included if the published work described an intervention focussed on the prevention or
reduction of IHD or risk factors, specifically in a rural population of Australia, with outcomes specific to participants
including, but not limited to, changes in diet, exercise, cholesterol or blood pressure levels.
Results: Of 791 papers identified in the search, seven studies met the inclusion criteria, and one further study was
retrieved from searching reference lists of screened abstracts. Typically, excluded studies focused on cardiovascular
diseases without specific reference to IHD, or presented intervention results without stratification by rurality. Larger
trials that included metropolitan residents without stratification were excluded due to differences in the specific needs,
characteristics and health service access challenges of rural populations. Six interventions were primary prevention
studies, one was secondary prevention only and one included both primary and secondary intervention strategies.
Two interventions were focussed exclusively on Aboriginal and Torres Strait Islander (Australian Indigenous)
populations.
Conclusions: Few interventions were identified that exclusively focussed on IHD prevention in rural communities,
despite these populations being at increased risk of IHD in Australia, and this is consistent with comparable countries,
internationally. Although limited, available evidence shows that primary and secondary interventions targeted at IHD
and related risk factors can be effective in a rural setting.
Keywords: Rural, Australia, Ischaemic heart disease, Inequalities, Intervention
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Globally, more people die from cardiovascular diseases
(CVD), than any other cause [1]. In 2013, 29.5 % of
Australian deaths were attributed to CVD, making it the
most common cause of death [2]. ischaemic heart dis-
ease (IHD) is the most prevalent CVD and is defined
clinically as acute myocardial infarction (AMI) or angina
pectoris [2], and it is estimated that, globally, 7.4 million
people die from IHD each year [1]. IHD has been the
leading single cause of death in Australia since 2000 [2].
These conditions appear to affect some populations
more than others [3], particularly those living in rural
areas, people of Aboriginal and Torres Strait Islander
(ATSI) heritage and people of lower socio-economic sta-
tus (SES) [4, 5]. Modelled estimates of Australian mor-
tality figures between 2009 and 2011 suggest that more
than 1200 lives would have been saved annually, if
people living in rural areas had the same IHD mortality
rate as metropolitan counterparts [6]. Overall IHD mor-
tality rates in Australia decreased substantially between
2001 and 2010, though these decreases were smaller in
more remote areas than in major cities (−4.1 % for males
and −4.3 % for females in major cities, compared to
−2.4 % and −3.9 % in remote areas) [5].
The increased burden of IHD in rural areas of
Australia, despite overall mortality decline, is compar-
able to patterns observed in high income countries inter-
nationally including in rural Scotland, Norway and the
United States (US) [7–9]. Decreases in IHD have been
observed in high-income countries, such as in the US
and UK, and have been largely attributed to primary and
secondary prevention efforts that have led to the reduc-
tion in modifiable risk factors such as hypertension,
cholesterol and smoking, as well as advances in medical
therapies [9–11].
Risk factors for IHD are interlinked, with modifiable
factors including tobacco smoking, poor nutrition, phys-
ical inactivity, obesity, high blood pressure and high
blood cholesterol [5]. These risk factors are also com-
mon to other major non-communicable diseases
(NCDs), including stroke, cancer, respiratory disease and
diabetes [12]. The importance of these risk factors is
emphasised by the World Health Organisation’s 25x 25
goal, which identifies them as significant targets to
achieve the goal of reducing premature mortality from
NCDs by 25 % by the year 2025 [12, 13].
CVD, including IHD and stroke, has been identified as
a high priority in rural Australia with particular refer-
ence to primary prevention strategies focused on im-
proving nutrition and physical activity and reducing
tobacco smoking [14]. The disparity between rural and
metropolitan mortality and disease rates represents an
important equity target for any prevention strategy and
there is some limited evidence internationally for the
effectiveness of community level prevention efforts in
rural communities, when they are tailored specifically to
the needs of the target population [11, 15]. Interventions
attempting to address the increased burden of IHD in
rural areas need to take into account the ways in which
rural and metropolitan populations differ, which include
health care access, education, income and risk factor
prevalence. The aim of this study was to systematically
review all published literature since 1990 reporting inter-
ventions that focussed on reducing the IHD burden in
rural Australia, through primary or secondary preven-
tion, and to synthesise the available evidence on the effi-
cacy of such prevention efforts.
Methods
Data sources
We sought to identify studies within the published
peer-review literature that were focussed on rural pop-
ulations and that aimed to prevent or reduce IHD bur-
den or risk factors. This systematic review was
registered with Prospero, (number CRD42016033431).
The term ‘rural’ used throughout this paper, refers to
all areas classified as being outside of major cities of
Australia, by the Australian Bureau of Statistics, Acces-
sibility Remoteness Index of Australia (ARIA) [16].
ARIA has five categories of remoteness, which are, in
increasing order of remoteness major cities, inner re-
gional, outer regional, remote and very remote. These
definitions are based on remoteness scores derived
from relative road distance to population localities and
services [16].
Search terms used were related to four major topics
including, ‘ischaemic heart disease’, ‘rural’, ‘intervention or
prevention,’ and ‘Australia’. The search was conducted in
November and December of 2015. The six databases in-
cluded in the search were CINAHL, Medline, Academic
Search complete, Rural and Remote Health Database,
Health and Society Database and Embase. An additional
hand search was undertaken of reference lists from in-
cluded studies.
The following were the Inclusion criteria:
 Studies had to be published in peer review journals
from 1990 to 2015.
 Population: The study had to be focussed on a
population of adults living exclusively in a rural area
of Australia. Larger trials that included both rural
and metropolitan residents without stratification by
rurality were excluded.
 Intervention: Interventions reporting an explicit aim
of primary or secondary prevention of heart disease,
with specific mention of IHD as a target. For
example, if a study referred only to CVD as a whole,
and not specifically to IHD, it was excluded.
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 Comparator: Comparisons between intervention
groups and control group (preferably), or relevant
health survey data or baseline results. Comparison
to a non-rural population was not necessary for
inclusion.
 Outcomes: Including but not limited to: changes in
behavioural risk factors (including exercise, diet,
alcohol, smoking and stress management),
knowledge of heart disease, health assessment
measures (e.g. blood pressure, cholesterol, blood
glucose levels, obesity or weight), and rates of
mortality, morbidity, case fatality, hospital
admissions, or complications.
 Study design: All types of intervention designs were
considered in this review. Studies describing
intervention models (study design/protocol papers)
that did not present intervention results were
excluded.
Study selection, data extraction and analysis
The lead researcher (LA) reviewed all results from the
six databases, removed duplicates and screened all
results based on titles and, abstracts against the review
criteria (see Fig. 1). Two additional researchers (KP & JJ)
each screened a 50 % sample of titles and abstracts as a
second reviewer. Any discrepancies were identified and
resolved by consensus among the three researchers pro-
ducing a list of papers for full text assessment for eligi-
bility against the review criteria. Reference lists of all full
texts were then searched for additional potentially eli-
gible studies.
Data were extracted into a spreadsheet from the full
texts by the lead researcher. The details collected in-
cluded the publication details of the study, years of inter-
vention, intervention type, follow up period, outcome
measures (such as changes in clinical and modifiable risk
factors), results and authors’ conclusions. Each interven-
tion was then then categorised as either primary or sec-
ondary prevention, or both, and by the broad type of
intervention (e.g. delivery through initial screening/edu-
cation/exercise or whole community programs). The
studies were then synthesized into a narrative analysis,
with a focus on changes in outcome measures. We ap-
plied a narrative analysis because quantitative meta-
Fig. 1 PRISMA diagram of the systematic review process for this review
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analysis was deemed inappropriate due to the small sam-
ple size and heterogeneity of the interventions returned
by the search strategy.
Quality analysis
Two researchers independently assessed each study
using the Cochrane Collaboration’s tool for assessing
risk of bias [16]. The tool is used to assess the risk of
bias within each individual study based on five different
types of bias including: selection bias (randomisation of
participants), performance bias (blinding of participants),
detection bias (blinding of outcome measures), attrition
bias (incomplete outcome data) and complete reporting.
Studies were rated as either high, low or unclear risk
against each of the criteria. The Cochrane tool does not
use a total score to assess overall risk of bias, so each
type of bias is assessed individually.
Results
Of the initial 791 papers returned by the database search,
33 full texts were screened, and of these, seven studies met
the inclusion criteria. Major reasons for exclusion at full
text stage included that the study did not specifically refer
to IHD, (usually only reporting on CVD as a whole). One
further eligible peer reviewed study was identified through
hand searching of reference lists, resulting in a total of eight
studies included in the review. Details of interventions, out-
come measures, results and conclusions of the studies are
described in Table 1. Across these eight studies, five were
conducted in ‘inner regional areas’ [17–21], two in ‘outer
regional areas’ [22, 23] and one in a ‘very remote’ area [24].
No studies included here were conducted in remote areas
of Australia. Two included interventions focussed exclu-
sively on Aboriginal and Torres Strait populations [22, 24],
four included a screening component part of the interven-
tion [18, 20–22] one evaluated the effectiveness of a long
term, whole community intervention [19] and one study in-
cluded an assessment of cardiac rehabilitation [17].
Primary prevention
Six primary prevention studies were identified; five in
inner and outer regional areas [18, 20–23], and one in a
remote area [24]. Two reported on interventions in ATSI
populations [22, 24]. Most studies [17, 20, 21, 24] were
published more than 8 years ago. The intervention activ-
ities included an exercise program for a high risk popu-
lation [23], cardiac rehabilitation [17], a full community
intervention [19], and five risk factor screening and/or
subsequent education or treatment programs within
small communities [18, 20–22, 24]. Generally, the stud-
ies reviewed showed that IHD prevention efforts in rural
communities are feasible and were effective in either re-
ducing one or more risk factors, or IHD mortality, how-
ever the studies were limited by short follow up periods,
small population numbers and a lack of inclusion of
control groups in study designs.
Kerr et al. [23] measured the effect of a 12-month ex-
ercise program on IHD risk factors in a population of
war veterans living in regional Queensland (n = 164),
without a control group. The main outcome measures
included measurement of heart rate (HR), blood pres-
sure (BP), skinfold and girth measurements, exercise
heart rate response and estimated aerobic capacity. The
results were used to determine if the program could be
effective in this rural, high risk population. The study
showed that an organised exercise group could be feas-
ible in a rural setting for high risk clients, with positive
effects shown for resting HR (−4 bpm), diastolic
(−6.4 mmHg) and systolic BP (−8.4 mmHg) by the end
of the program (p = <0.05). Weight was unchanged at
12 months, however there were some improvements in
body composition. The generalisability of results from
this study is limited because only 54 % of participants
completed the final 12 month follow up assessment.
Three studies [18, 20, 21] used primary risk factor
screening as the start point of the intervention, screen-
ing patients’ BP, cholesterol and BMI, and when com-
pared to baseline, showed that these types of programs
are potentially feasible in rural areas. Krass and col-
leagues [20], assessed the impact of a pharmacy screen-
ing and health promotion program (n = 389) on the risk
of IHD and stroke in two towns in regional New South
Wales. The health promotion program included individual
education on lifestyle improvements including diet, exercise
and smoking cessation advice. After three months, signifi-
cant changes were observed in mean total cholesterol for
both towns (−0.26 mmol/l, 95 % CI 0.10-0.42, p = <0.003),
while BP was reduced in participants from one town
(−10.5 mmHg, 95 % CI 4.0-16.9, p = 0.012), changes in
physical activity and smoking prevalence were reported,
with increases in activity reported by participants at
3 months. The authors noted that there was little change in
smoking prevalence, and attributed this to the relatively
short period of intervention and follow up of this study de-
sign, which with no control group comparison, would also
make it difficult to draw concrete conclusions on the overall
effectiveness of this intervention. Carrington and Stewart
[18], describe a similar, yet nurse-led intervention in regional
Victoria in which 530 self-selecting patients were screened
for cardiovascular risk, then provided with counselling and
advice tailored to their risk level [18]. Just over 60 % of the
patients (n = 326) had clinically significant improvements in
risk factor levels at 6 months post-intervention, with BP,
total cholesterol and weight all decreasing from baseline
levels, yet these results were not compared to a control
group. No further follow up was undertaken after 6 months
post-intervention, making it difficult to determine either
the sustainability of this design or the long term impact on
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Intervention strategies Participants, follow up Outcome measures Results Conclusions
Aoun & Rosenberg,
2004 [17]
2000–2001 7 week cardiac
rehabilitation program
N = 203 patients with current
CVD diagnosis, n = 159 controls.
Followed up at post program, 3,
6 and 12 months
Self-reported changes in: Cardiac Rehab programs in rural
areas are successful in reducing
risk factors for IHD and improving
quality of life
-WT -WT: ↓ 0.5 kg
-PA (6 min walk test) (p = 0.004)
-BP, -PA: 431.6 m to 469.6 m (p < 0.001)
-Quality of life scores (QoL) -BP: NS, p value not reported
-QoL: 80.69 (15.9) to control 71.6
(18.86) (p = 0.04)






Aboriginal clients aged 20 years
and over, N = 2586 identified as
high risk. Followed up every 3
months for two years
Achievement of target
(not compared to baseline
for significance):
Achieved target post program: This type of program is a feasible
way of reducing IHD risk factors
in rural indigenous populations
-BP -BP: 57 %
-TC -TC : 40 %





N = 530, pre/post follow up
design, no control group.
Followed up at 6 months
Mean change in -BP diastolic: ↓ 4 mmHg Systolic: ↓
1 mmHg
Feasibility of a nurse-led screening
and intervention was shown for
a rural population-BP
-TC
-WT (kg) -TC: ↓ 0.6 mmol/L
-BMI -WT: ↓ 1.0 kg
-BMI: ↓ 0.3mkg2
Higginbotham






N = 359, no control group, but
rates compared to nearby
region
Change in Intervention area: Whole community interventions
can have multiple positive
impacts in rural communities and
possibly reduce IHD burden if
implemented with consideration






Fatal MI: −14.2 (95 % CI: −26.0,
−2.4)
9 year data collection phase -Non-fatal MI rates, Non-fatal MI: 1.7 (95 % CI: −4.4, 7.9)
-Case fatality compared to
non-intervention region
Men (35-64y)
Fatal MI: −10.9 (95 % CI: −18.2,
−3.6)
Non-fatal MI: 3.2 (95 % CI: −0.6, 7.0)
Rates declined faster in intervention
population compared to than non-
intervention region







N = 389 adults in regional area,
followed up from baseline to
3 months, no control group
From baseline to 3 months: % Inactive Community Pharmacies have the
potential to increase resource
provision in rural areas and can be
effective at reducing risk factors
for IHD
Cohort 1















Table 1 Characteristics of prevention programs aimed at reducing ischaemic heart disease burden in rural Australia (Continued)
-BP
-TC
-% Current smokers 50 % to 44 % (p = 0.01)
-% Not meeting PA
recommendations
% Smokers = No change
-% Of people by BMI category Both Cohorts:
Mean TC: ↓ 0.26 mmol/L (95 % CI
10–0.42) (p < 0.003).
BP: ↓ 10.5 mmHg (95 % CI 4.0-16.9)
in mean systolic BP within Cohort 1
(p = 0.012), no difference for
cohort 2.
BMI = NS (p value NR)








N = 164 war veterans, followed
up at 3, 6, 12 months
3 monthly follow up: 12 months: This type of program was shown
to be effective at reducing risk
factors in a high risk, regional
population of males
-Diastolic and systolic BP
(mmHg)
Resting HR:↓ 4.0 bmp
- HR (bpm) Diastolic BP: ↓ 6.4 mmHg
Systolic BP: ↓ 8.4 mmHg (p = <0.05).
Weight (kg) :NS





N = 135 adults aged 30–69
years followed p 6 months post
intervention
Self-report change in health
behaviour after screening
Self-report health behaviours: Heart risk screening can be a
motivator for health behaviour
change76 = positive change
59 = no change






Change in risk factors overtime
(Intervention group either
compared BL or to control):
-no significant change in dietary
and physical activity when
compared to controls.
Some short term changes were
not sustained in metabolic profiles
from this intervention, however
this program was found to be
sustainable for this type of rural
community
N = 32 intervention,
N = 17 controls
followed up at, 6 months,
2 years
-BMI
-Fasting glucose -BMI: ↓from BL at 6 months (to
control: p = 0.012), 12 months: NS
(p = NR)
-Fasting glucose: Positive changes in awareness
and behavioural risk factors were
noted6 months:↓ 0.9 mmol (intervention















Table 1 Characteristics of prevention programs aimed at reducing ischaemic heart disease burden in rural Australia (Continued)
- Glucose tolerance (oral
glucose tolerance test (OGTT))
Intervention to control : NS
(p = 0.132)
−2 h post -OGTT:
-plasma insulin 6 months: ↓ 1.6 mmol/l (p = 0.01
to BL)
-triglyceride concentration
Intervention to control: NS
p = 0.154
-Fasting insulin: Intervention to
control NS (p = 0.103)
-Fasting triglycerides: NS (p = 0.158)
Abbreviations: BL baseline, BMI body mass index, BP blood pressure, HR heart rate, bpm beats per minute, IHD ischaemic heart disease, MI myocardial infarction, NS not significant, NR Not reported, OGTT oral glucose















risk factors in the rural community studied. A third screen-
ing study published in 2001 [21], without inclusion of con-
trols, assessed the effect of a one-time screening session
delivered by the mobile ‘Heart Bus’ on self-reported behav-
iour changes in inner regional Queensland. The study
followed up 135 participants and found that 76 % of partici-
pants self-reported they had made positive changes to their
diet and exercise behaviours 6 months later. The major lim-
itations of this study include the small sample design, lack
of control and the self-reported nature of all of the outcome
measures.
Two studies assessed IHD interventions in ATSI popu-
lations only [22, 24] and showed that IHD primary pre-
vention efforts in these populations have the potential to
be effective. One study was a clinical audit of cardiac
prevention and screening services [22], and the other
was an assessment of a diet and exercise program with
comparison made to a self-selected control group [24].
Burgess et al. [22] analysed the effectiveness of cardiac
prevention services through clinical audits every three
months of cardiovascular risk assessments, and level of
pharmaceutical prescription delivered through primary
health care services over 2 years. The study focussed on
results from 2586 participants, who were identified to
have a five year CVD risk of 16 % or greater. Blood pres-
sure medication was prescribed for 67 % of participants
and lipid lowering medications for 55 %, with clinical
follow-up every three months to assess if target levels
were achieved. By the end of the two year evaluation,
the number of participants who achieved clinical targets
for BP was 1366 (56 %) while 989 (40 %) reached targets
for cholesterol, however changes in the proportion of
participants reaching targets did not change significantly
over time for either outcome. Rowley and colleagues
[24] assessed the effectiveness of a primary health care
service providing diet and/or exercise education and
support in a small rural ATSI population. The study in-
cluded an intervention group (n = 32) and a self-selected
control group (n = 17). There were significant differences
(p = 0.03) observed between the intervention and control
arms, for mean change in 2 h plasma glucose, and trigly-
ceride levels at two years post-intervention. There were
also changes in dietary behaviour and physical activity in
the intervention group, however these did not appear to
be significant when compared to controls. Response
rates ast the two year follow up were low for younger
participants aged 15–34, with 43 % responding, com-
pared to 80 % for those aged 35 and over, however re-
sults shown here are clearly limited by the small study
sample.
Secondary prevention
Only one secondary prevention intervention [17] was
identified. The study evaluated a 7-week bi-weekly
education and exercise cardiac rehabilitation program in
a rural area of Western Australia (Heart Smart), and in-
cluded 203 participants with a current CVD diagnosis.
The evaluation compared quality of life and cardiac
knowledge scores of these participants with to 159 non-
participants (who were eligible, but did not wish to
participate in the intervention). All follow up data, in-
cluding clinical measures were self-reported. After
6 months, the intervention group had reportedly in-
creased their physical activity (p < =0.001), and reduced
their weight (−0.5 kg, p < 0.05) from baseline. Higher
quality of life and cardiac knowledge scores were ob-
served for the intervention group, however the non-
intervention group had a low response rate to the follow
up survey (42 %). Self-reported cholesterol levels were
3.6 mmol/L at baseline, and these reduced to 2.8 mmol/L
by 6 months post follow up, however no changes were ob-
served for self-reported BP. The authors did not specify if
these measures were taken by the same medical clinic, or
if any clinical documentation was collected with self-
report results.
Primary and secondary prevention
Higginbotham et al. [19] was the only study to include both
a primary and secondary prevention program. The Coal-
fields Healthy Heartbeat was a 10-year community inter-
vention, which employed multiple strategies and included
health promotion and awareness advertising, mobilisation
of community resources, school health-promotion pro-
grams, exercise, cooking and education groups, and a car-
diac rehabilitation program. The remainder of the Hunter
Valley region served as a comparison population for the
program evaluation. The authors found a larger reduction
in fatal AMI cases in the intervention area relative to the
comparison population over a 9-year monitoring period
[19], however there was no reduction in non-fatal AMI
rates. There were no significant differences in risk factors
changes between the intervention and non-intervention
areas.
Table 1: Characteristics of prevention programs aimed
at reducing IHD burden in rural Australia.
Quality assessment
Due to the lack of randomization used in the design of
all studies and minimal use of control groups, all of the
included studies were assessed to have a high risk of bias
for the selection, performance and detection criteria of
the Cochrane tool, and low or unclear risk for attrition
and reporting bias criteria. Only one study reported
using a behavioural science theory in the design of their
study, identifying the health promotion and behavioural
change models in the design of their follow up question-
naire [16]. There was also a lack of detail around the
length of the intervention, and follow up periods for 4 of
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the 8 studies, and generally follow up periods were
small.
Discussion
Eight studies were identified that met the inclusion cri-
teria, indicating that there is little published work about
IHD prevention efforts occurring in rural communities
in Australia. All studies based in inner and outer re-
gional areas [16], found that primary and secondary pre-
vention activities can be effective at reducing IHD and
related risk factors, although many reported modest
and/or mixed results. The paucity of studies in remote
and very remote areas [16] particularly in light of the
relatively high burden of IHD in these areas compared
to metropolitan counterparts [25], shows this is an
understudied population in Australia. This is consistent
with findings from the US, where rural populations are
also identified as disadvantaged, and understudied in
terms of IHD burden and prevention [9]. Worldwide,
there is a lack of published research on comprehensive
interventions to reduce IHD, especially in rural popula-
tions [26], despite the recognition that prevention efforts
at population level, aimed at modifiable risk factors, can
be both cost-effective and sustainable approaches to re-
ducing IHD burden in high risk communities [11, 26,
27]. A recent review by Papadakis and Moroz [11] of
high quality international studies of IHD prevention ef-
forts, found only one study focussed on rural areas [27],
out of 15 included in the review.
All studies included in this review employed a non-
randomized design, mostly without a control group (six
of eight studies), and all were found to have a high risk
of bias. Half of the studies did not provide clear details
about the exact timeframe of the intervention period,
and subsequent follow up, or plans to follow up. Lack of
comprehensive follow-up has been identified as an issue
with the quality of evidence around IHD prevention ef-
forts in rural areas, internationally [26]. Research in rural
areas is likely to be challenging due to limited resources,
small population numbers, and geographical remoteness.
The lack of eligible studies retrieved for this review may
reflect either a true lack of action or a lack of research
reporting and publishing of prevention programs operat-
ing in rural communities. It is possible that effective and
targeted interventions are taking place in many rural set-
tings; however, they are not being published in the aca-
demic literature for others to learn from. It is known
that rural health professionals feel ill-equipped to under-
take, complete, and publish research, and this is due to a
lack of resources, supervision, and perceived skills in
rural areas [28, 29]. Research with larger samples and
more rigorous study designs are required to progress
strategies for reducing IHD burden in rural Australia,
and worldwide.
Relatively few of the studies included in this review,
reported extensively on behaviour change outcomes.
Those studies that did included behaviour measure-
ments [17, 18, 20, 22–24], used self-reported data only
and findings were mixed. Changes in smoking preva-
lence at follow up were reported by one study [20], but
did not change. Changes in BMI or weight were re-
ported in five studies [17, 18, 20, 23, 24], however all but
one study [17] found significant differences from pre
and post intervention. Heterogeneity among these stud-
ies also made it difficult to draw concrete conclusions
on the effectiveness of these interventions in improving
risk behaviours.
Reductions in BP through medication prescription and
monitoring, were demonstrated in four of the five stud-
ies [17, 18, 20, 22, 23] that assessed BP as an outcome,
suggesting that perhaps, if similar interventions were im-
plemented more broadly in rural areas, significant
population-level impacts on blood pressure levels could
be achieved. A reduction of 5 mmHg in diastolic BP
level has been suggested to reduce population mortality
from IHD by approximately 21 % [30, 31], and BP reduc-
tion is widely accepted as an important target risk factor,
along with smoking and cholesterol levels, when aiming
to prevent IHD in high risk populations internationally
[7, 9, 30].
The results of this review showed a strong emphasis
on clinical measurements rather than behavioural mea-
sures as outcomes when evaluating IHD prevention ef-
forts. This pattern is evident in other international
research, including a large scale intervention in rural
Maine in the US, that was spread across 23 rural com-
munities from 1970 to 2010 [27]. Although the interven-
tion consisted of nurse delivered education focussed on
behaviour changes, prescription medication and moni-
toring, cholesterol and BP were the main measured out-
comes [18, 22]. This study provided some evidence that
nurse-led education programs can reduce IHD risk fac-
tors in rural communities, but again, did not compare to
a control group [27]. The focus on clinical risk factors as
outcomes, as opposed to behavioural changes may be
due to the possible bias that can arise from these self-
reported measures, with clinical risk factor measures
providing more concrete evidence of the effectiveness of
the IHD prevention programs.
Higginbotham et al. [19] identified challenges with
implementing a whole community intervention, and
noted resistance when trying to engage the whole com-
munity, finding that only 35 % of people in the region
thought IHD was of high concern [19]. Conclusions
from this study included that when designing interven-
tions for rural communities, use of existing structures
and knowledge of the needs and interests of local sub-
groups is fundamentally important [19]. The authors of
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studies in the US and UK have also emphasized the im-
portance of early assessment of rural community needs,
interests and subgroups prior to implementation, when
focussing on reducing IHD risk factors [7, 9, 32]. Con-
clusions from a review of international population-level
interventions to reduce IHD showed that there is no
‘one size fits all’ program, and success of interventions
relies heavily on due consideration of the needs, inter-
ests, characteristics and location of the community [11].
This is certainly applicable to the Australian rural con-
text, which comprises of many diverse and different
communities across a very large landscape.
Notable from this review was that only two of the se-
lected studies were published in the past 5 years, with
the remainder being eight or more years old, possibly
limiting the relevance of these studies to when consider-
ing the current rural health context. The age of the evi-
dence may be of concern given that Australia has seen
both significant changes in the burden of IHD, and sub-
stantial shifts in urbanisation and population character-
istics over recent decades [33]. Further, advances in
technology, including e-health and telecommunications,
may alter the experience and health implications of liv-
ing in a non-metropolitan area. Therefore, rural popula-
tions presented in older studies, and the issues they
faced, may not be comparable to those currently residing
in rural areas.
Strengths of this research include that it employed a
systematic methodology with broad search terms and in-
cluded all Australian-based studies from 1990 to 2015.
The comprehensive search strategy and use of three re-
searchers to screen results increased the chances of all
appropriate results being identified and included. The
limitations of this review are that there was also only a
small sample of studies that met the inclusion criteria,
which had high heterogeneity and risk of bias in the
methods, and this made solid conclusions on the effect-
iveness of interventions in rural areas difficult to de-
cipher. The review was also limited to Australian studies
only. While there are important similarities between
rural populations across comparable countries, rural
populations may differ significantly in demographic
characteristics and disadvantage between different
countries [34].
Implications for future research
A major finding from this review is the lack of high
quality studies assessing the effectiveness of interven-
tions to reduce IHD burden in rural areas of Australia.
Priority must be placed on action-orientated prevention
research in rural communities, with a focus on method-
ologies such as community-based participatory research
to empower communities, create tailored strategies and
address inequalities [35] Future research must have
specific focus on rigorous methodology, including com-
parison to control groups, more comprehensive measure-
ments of changes in modifiable risk factors, and longer
follow-up time frames in order to assess sustainability of
such programs in the rural context. . There is significant
potential for countries with comparable rural health in-
equalities (for example, geographically large, high income
countries such as Australia, Canada and the US) to learn
from international examples [7, 9, 26, 27] and create a
stronger body of evidence for the prevention of IHD
among rural populations globally international examples
and create a stronger body of evidence for the prevention
of IHD among rural populations globally.
Conclusions
There are very few studies on interventions to prevent
and reduce IHD in regional and remote areas of
Australia, despite the higher burden in rural areas being
well documented and this is consistent with inter-
national observations. Published interventions have gen-
erally shown encouraging results in reducing IHD risk
factors or outcomes, although there significant limita-
tions to quality and external validty among the studies
identified. More research is needed to determine appro-
priate, feasible, effective, and cost-effective strategies for
improving IHD rates in rural areas, and the best ways to
tailor interventions to the specific needs of rural
communities.
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CHAPTER 7: STUDY 3. 
‘Quantifying the role of 
modifiable risk factors in the 
differences in cardiovascular 
disease mortality rates 
between metropolitan and 
rural populations in Australia: a 
macro-simulation modelling 
study’ 
This chapter consists of an authorship statement for study 3, titled 
‘Quantifying the role of modifiable risk factors in the differences in 
cardiovascular disease mortality rates between metropolitan and rural 
populations in Australia: a macro-simulation modelling study’ and 
followed by the paper that was published in the peer-reviewed journal of 
BMJ Open in November 2017. This is the first study of section two of this 
thesis called ‘Modelling Risk factors and mortality’, which involved the 
generation of new knowledge on the role of risk factors in the increased 
burden of IHD in rural areas. 
The paper addresses the following research questions of this thesis: 
144 
RQ5. What is the role of modifiable risk factors in the differences in 
IHD mortality between rural and metropolitan populations in Australia? 

 Approved final manuscript
Steven Allender 
 Contributed to defining the original research idea
 Assisted with interpretation of results
 Contributed to multiple reviews of the draft manuscript
 Approved final manuscript
Melanie Nichols  Contributed to defining the original research idea
 Assisted with data collection
 Assisted with interpretation of results
 Supervised the use of the PRIME model and analysis
 Contributed to multiple reviews of the draft manuscript
 Approved final manuscript
146

 1Alston L, et al. BMJ Open 2017;7:e018307. doi:10.1136/bmjopen-2017-018307
Open Access 
AbstrAct
Objectives The study aimed (1) to quantify differences 
in modifiable risk factors between urban and rural 
populations, and (2) to determine the number of rural 
cardiovascular disease (CVD) and ischaemic heart disease 
(IHD) deaths that could be averted or delayed if risk factor 
levels in rural areas were equivalent to metropolitan areas.
setting National population estimates, risk factor 
prevalence, CVD and IHD deaths data were analysed 
by rurality using a macrosimulation Preventable Risk 
Integrated Model for chronic disease risk. Uncertainty 
analysis was conducted using a Monte Carlo simulation of 
10 000 iterations to calculate 95% credible intervals (CIs).
Participants National data sets of men and women over 
the age of 18 years living in urban and rural Australia.
results If people living in rural Australia had the same 
levels of risk factors as those in metropolitan areas, 
approximately 1461 (95% CI 1107 to 1791) deaths could 
be delayed from CVD annually. Of these CVD deaths, 793 
(95% CI 506 to 1065) would be from IHD. The IHD mortality 
gap between metropolitan and rural populations would be 
reduced by 38.2% (95% CI 24.4% to 50.6%).
conclusions A significant portion of deaths from CVD and 
IHD could be averted with improvements in risk factors; 
more than one-third of the excess IHD deaths in rural 
Australia were attributed to differences in risk factors. As 
much as two-thirds of the increased IHD mortality rate in 
rural areas could not be accounted for by modifiable risk 
factors, however, and this requires further investigation.
IntrOductIOn
Despite high-quality, universal healthcare 
systems and standards in Australia, there 
are still disparities in the burden of chronic 
disease experienced by people with lower 
socioeconomic status, Aboriginal and 
Torres Strait Islanders, and rural residents.1 
Australians living outside major cities expe-
rience a substantially increased burden of 
cardiovascular diseases (CVDs),2 which is 
consistent with findings for rural populations 
in other developed countries such as the 
USA, Canada and the UK.3–5 CVD in its most 
common form ischaemic heart disease (IHD) 
is the leading cause of death in Australia,6 and 
individuals residing in regional or remote 
areas are estimated to be between 1.2 and 1.5 
times more likely to die from IHD than those 
residing in metropolitan areas.1 
The reasons for observed health inequali-
ties between metropolitan and rural popula-
tions appear to be multifactorial and highly 
complex.2 7–9 It has been hypothesised that 
rural populations experience greater CVD 
and IHD burden due to variation in access 
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strengths and limitations of this study
 ► This is the first study to attempt to quantify the
role of modifiable factors in the increased burden
of cardiovascular diseases in rural areas when
compared with urban Australia.
 ► The Preventable Risk Integrated Model (PRIME) has
been previously published and is internationally
recognised.
 ► This study used three representative national
data  sets, namely  the Census, Australian Institute
of Health and Welfare National Mortality Database,
and the Australian Health Survey, as inputs for the
PRIME model.
 ► Data used in the model were self-reported and
could lead to underestimations of the level of
behavioural risk factors, and subsequently mortality
gap reductions, although it is unlikely that these
biases would differentially affect rural versus metro
populations.
 ► Very remote populations of Australia (0.9% of the
total population) were excluded.
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to health services, individual socioeconomic status, rates 
of modifiable risk factors, as well as potentially reduced 
access to specialised evidence-based treatments, such 
as prompt surgical intervention in rural hospitals.7 10–13 
The National Rural Health Alliance of Australia states 
that if rural Australians are to achieve the same health 
outcomes as their metropolitan counterparts by the year 
2020, it is not just access to health services that need to 
be improved,14 but that more focus needs to be placed 
on improving the socioeconomic determinants of health 
(such as lower education, incomes and employment) for 
rural communities, and reducing risk factors for chronic 
diseases such as smoking and physical inactivity.14
CVDs, particularly IHD, are largely preventable, and the 
modifiable behavioural risk factors are well known.15 Clin-
ical risk factors such as high cholesterol, high blood pres-
sure and obesity interact with behavioural factors such 
as poor diet, smoking, risky alcohol consumption and 
physical inactivity to increase the risk of IHD and CVD.13 
Based on population health surveys, these risk factors 
differ by rurality, with higher smoking rates, increased 
high-risk alcohol consumption and lower physical activity 
levels being reported by non-city-dwelling Australians.2
Currently, there is minimal evidence quantifying 
the extent to which modifiable individual risk factors 
contribute to the increased burden of CVD and IHD 
in rural areas, and how much of this burden could be 
reduced if behavioural risk factors were comparable 
among rural Australians as those among their counter-
parts in cities. Increased knowledge of how differen-
tial risk factor rates contribute to the increased rural 
CVD burden could support the identification of policy 
priorities and prevention programmes for rural areas, 
as previous public health prevention efforts have been 
shown to be less effective for rural populations compared 
with those living in metropolitan areas.16
Aims
This study aimed to (1) quantify differences in the preva-
lence of major CVD risk factors between rural and metro-
politan populations, and (2) determine the number and 
proportion of rural deaths from CVD, and specifically 
from IHD, that could be averted or delayed in rural areas 
if the levels of risk factors were equivalent to those in 
metropolitan Australia.
MethOds
the Preventable risk Integrated Model
This study used a macrosimulation model, the Prevent-
able Risk Integrated Model (PRIME),17 to estimate 
age-specific and sex-specific changes in CVD and IHD 
mortality that would result from changes to the popula-
tion prevalence of risk factors in Australia. PRIME has 
been used in the UK, New Zealand and Canada to model 
a range of risk factor scenarios.17–20 The model can be 
used to examine the likely changes in mortality rates of 
many chronic diseases, including IHD, under different 
counterfactual scenarios of population behavioural risk 
factors.17
The PRIME model is built on a framework of linkage 
between (1) modifiable behaviours, (2) clinical risk 
factors and (3) mortality outcomes. This framework is 
parameterised using the best available evidence from 
meta-analyses of published studies, and is described in 
detail elsewhere.17 PRIME requires data on prevalence 
of modifiable risk factors, mortality rates and population 
estimates by 5-year age groups and sex, for both baseline 
and counterfactual scenarios. For this study, PRIME was 
used to estimate the number of CVD and IHD deaths 
that would be delayed or averted if those living in rural 
Australia had the same modifiable risk factor levels as 
those living in major cities. The baseline scenario used 
the current levels of modifiable risk factors in those living 
in rural areas, and the counterfactual scenario involved 
applying the level of risk factors currently observed in 
the metropolitan population. An additional ‘best case’ 
scenario was also modelled, by only changing risk factor 
levels that were more favourable among those living 
in metropolitan areas, when compared with the rural 
population.
Population data
Population size estimates by age, sex and rurality were 
derived from the 2011 Australian Census. The ‘rural’ 
population was defined as all residents not classified by 
the Australian Bureau of Statistics (ABS) as living in major 
cities.21 These data were accessed through subscription to 
the online ABS data program TableBuilder.22
risk factor data
The individual modifiable risk factors included in the 
PRIME model (table 1) were mean dietary intakes, 
alcohol consumption, prevalence of smoking, physical 
activity levels and mean body mass index (BMI) scores. 
All risk factor estimates were obtained from 9973 individ-
uals aged 15 years and over surveyed for the 2011–2012 
Australian Health Survey (AHS), which surveyed people 
from all areas of Australia, excluding very remote areas.23 
Mean values were calculated by age, sex and remoteness 
for each risk factor parameter, through the ABS program 
TableBuilder.22
Dietary intake data were collected using a 24-hour 
recall of all foods and fluids consumed in the day prior 
to the interview. Participants provided 24-hour recall 
data on two separate occasions, at least 8 days apart. 
Implausible intakes were excluded if the day of intake 
data had an energy intake (EI) to basal metabolic rate 
ratio of less than 0.9, as per recommendation from the 
ABS.23 Mean daily dietary intakes from the 2 days of data 
collection were calculated for each participant for energy 
(kcal/day), fruit (g/day), vegetables (g/day), fibre (g/
day), dietary cholesterol (mg/day), salt (g/day), total fat 
(% EI), saturated fat (% EI), monounsaturated fat (% 
EI) and polyunsaturated fat (% EI). The percentage of 
people who consumed less than one serve of fruit and 
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Table 1 Summary of risk factor data entered into the Preventable Risk Integrated Model
Risk factor Parameter Unit
Diet Total energy intake Kcal/day
Proportion of low/non-consumers of fruit (<1 serve/day) % of population
Proportion of low/non-consumers of vegetables (<1 serve/day) % of population
Mean vegetable consumption of the remaining population g/day
Mean fruit consumption of the remaining population g/day
Fibre consumption g/day
Dietary cholesterol consumption mg/day
Salt consumption g/day
Total fat intake % of total energy intake
Saturated fat intake % of total energy intake
Monounsaturated fat intake % of total energy intake
Polyunsaturated fat intake % of total energy intake
Alcohol Proportion of low consumers (<1 g/day) % of population
Mean consumption among the remaining population g/day of pure alcohol
Smoking Current smokers % of population
Ex-smokers % of population
Never smokers % of population
Physical activity Proportion of population who are sedentary % of population
Amount of moderate-vigorous activity among the remaining 
population
MET hours per week
Anthropometry Body mass index kg/m2
Height m
MET, metabolic equivalent of task.
less than one serve of vegetables was also calculated as 
required by the model. Mean BMI for the rural popula-
tion, by 5-year age group and sex, was required by the 
model, and the effect of obesity on mortality rates was 
modelled using the differences in EI and physical activity 
levels between the two populations. Participants reported 
if they were current smokers, ex-smokers or if they had 
never smoked, and the age-specific, sex-specific and loca-
tion-specific prevalences of each of these categories were 
derived.
The PRIME model requires the proportion of the popu-
lation classified as ‘sedentary’, and physical activity levels 
in the form of mean metabolic equivalent of task (MET) 
hours per week, in the remaining (active) population. 
The sedentary proportion of the population was calcu-
lated as the sum of those classified as insufficiently active 
or sedentary by the ABS. Participants were classified as 
insufficiently active or sedentary if they did not meet the 
physical activity recommendations of 150 min per week, 
over five separate sessions.24 Mean minutes of moderate 
and vigorous activity over the last week were used to calcu-
late average daily minutes of activity. This duration was 
then multiplied by metabolic equivalents as provided by 
the ABS to convert the estimates to MET hours of activity 
per week.
The model requires the percentage of non-drinkers 
within each population by age and sex, which was calcu-
lated as those who reported either no alcohol consump-
tion, or <1 g per day on average, over the surveyed period. 
Mean daily intake of pure alcohol in millilitres, by age 
group and sex, was calculated as the weighted daily mean 
(mL) within TableBuilder, then converted to grams of 
pure alcohol.
Mortality data
Deaths due to CVD (International Classification of 
Diseases- Tenth revision (ICD)-10 codes I00-I99) and IHD 
(ICD-10 code I20-I25) by state or territory and remote-
ness area of usual residence, by sex and 5-year age group, 
among people aged 15 years and over were provided by 
the Australian Institute of Health and Welfare (AIHW) 
for the year 2011 from the AIHW National Mortality Data-
base (unpublished). These data were provided after an 
application for a specific request to the AIHW and are not 
publicly available.
Mortality gap
The mortality gap between rural and metropolitan areas 
was calculated by applying the metropolitan death rate 
for those aged 15 years and over to the rural population, 
to determine the number of rural deaths that would 
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Table 3 Deaths averted or delayed from chronic diseases 
in rural Australia, under the counterfactual scenario, 95% 
credible intervals, by sex
Deaths
Averted or delayed deaths 
(% of total deaths in the 
category)
CVD all ages
 All 13 600 1461 (10.7)
 Male 6846 629 (9.2)
 Female 6754 828 (12.3)
CVD <75 years
 All 3137 420 (13.4)
 Male 2200 343 (15.6)
 Female 915 78 (8.5)
IHD all ages
 All 7560 793 (10.5)
 Male 4367 418 (9.6)
 Female 3193 374 (11.7)
IHD <75 years
 All 2089 304 (14.6)
 Male 1636 267 (16.3)
 Female 452 37 (8.2)
CVD, cardiovascular disease; IHD, ischaemic heart disease.
Table 4 Preventable deaths from CVD and IHD attributable to individual risk factors if rural populations had the same risk 
factor levels as populations in major cities
Risk factor
Total CVD deaths averted/delayed under 
counterfactual scenario (95% CI)
Total IHD deaths averted/delayed under 
counterfactual scenario (95% CI)
Overall diet −199 (−389 to 10) −190 (−380  to 4)
 Fruit and vegetables −290 (−475 to 103) −298 (−486  to 111)
 Fibre −70 (−103 to 39) −47 (−75 to 19)
 Fats 121 (98 to 145) 133 (113 to 155)
 Salt 40 (17 to 62) 19 (8 to 31)
Physical activity 84 (66 to 103) 53 (38 to 69)
Smoking 337 (290 to 388) 225 (192 to 260)
Alcohol −55 (−101 to 18) −28 (−52 to 5)
Obesity 1309 (100 to 1608) 740 (50 to 955)
Positive numbers represent deaths delayed or averted under the counterfactual scenario, while negative numbers represent an increase in 
deaths under the counterfactual scenario.
CVD, cardiovascular disease; IHD, ischaemic heart disease.
be expected if cause-specific mortality rates were equal 
between metropolitan and rural areas. This figure was 
subtracted from the actual number of deaths in rural 
areas to calculate the gap in mortality between the two 
populations.
uncertainty analysis
The PRIME model has a built-in Monte Carlo analysis 
function to generate 95% credible intervals (CIs) around 
the outputs, which allows for the different distribution of 
epidemiological parameters (eg, the level of relative risk 
for a disease outcome for a particular risk factor level) 
within the model that have been derived from the liter-
ature.17 The intervals produced are based only on the 
uncertainty in the model parameters, and not on the vari-
ability of the original data used in the baseline and coun-
terfactual scenarios. Monte Carlo simulation of 10 000 
iterations was used to generate 95% CIs for each of the 
estimates of deaths delayed or averted under the counter-
factual scenario.
results
differences in individual risk factors between rural and 
metropolitan areas
There was a mixture of differences in dietary intake, 
between rural and metropolitan (table 2), that were statis-
tically significant for many dietary components, although 
many were relatively small in absolute magnitude. Two 
of the dietary intake levels were more favourable in rural 
areas, and the rest were more favourable in metropol-
itan areas. Vegetable intakes were significantly higher for 
rural populations (p<0.001), also resulting in a slightly 
higher fibre intake, while intake of fruit was not signifi-
cantly different between the two populations.
EI and the percentage of energy from saturated fat were 
significantly higher among rural populations (p<0.05). 
Rural women reported a significantly higher dietary 
cholesterol intake (p<0.05) and lower percentage energy 
from polyunsaturated fat (p<0.01) than their metropol-
itan counterparts. There were no other significant differ-
ences in intake across the other dietary components 
analysed.
The mean alcohol intake (g/day) in those who reported 
drinking alcohol was significantly higher in rural areas for 
women (p<0.05); however, there were no differences for 
men. There were significantly more current smokers in 
rural areas compared with major cities (women 19.5% vs 
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Table 5 Deaths averted or delayed from chronic diseases 
in rural Australia, under the ‘best case’ scenario, 95% 
credible intervals, by sex
Averted or delayed deaths (% of total 
deaths in the category) best case
CVD all ages
 All 1669 (12.2)
 Male 771 (11.2)
 Female 898 (13.3)
CVD <75 years
 All 445 (14.2)
 Male 371 (16.8)
 Female 74 (8.0)
IHD all ages
 All 1161 (15.3)
 Male 707 (16.2)
 Female 456 (14.2)
IHD <75 years
 All 352 (16.9)
 Male 309 (18.9)
 Female 44 (9.7)
CVD, cardiovascular disease; IHD, ischaemic heart disease.
14.0%; men 24.2% vs 18.7%). The proportion of people 
who had never smoked was higher in metropolitan areas.
Fewer rural people were meeting recommendations for 
physical activity; 37.1% of men in rural areas were meeting 
recommendations compared with 44.0% in major cities. 
This was also true for women (36.5% in rural areas, 46.3% 
in cities). There were no significant differences between 
the two populations in the mean MET hours per week 
of moderate-vigorous activity performed by the active 
population.
Smoking rates were significantly higher in rural areas 
for both women and men. The mean BMI for women was 
significantly higher (p<0.001) in rural areas compared 
with major cities (women 26.8 vs 27.6 kg/m2; men 27.3 vs 
27.8 kg/m2).
deaths from cVd and Ihd averted or delayed by risk factor 
changes
In 2011, 13 600 people aged 15 years and over died from 
CVD in rural areas, with 6846 and 6754 deaths occurring 
in men and women, respectively. In terms of premature 
deaths, 3137 of these deaths occurred in those aged 
under 75 years, 2200 in men and 915 in women. IHD was 
the cause of 7560 deaths, with 2089 deaths occurring in 
those under 75 years (1636 men, and 452 women).
In total, 1461 (1107 to 1791) or 11% of all rural CVD 
deaths would be delayed or averted, if rural populations 
were to have the same levels of individual risk factors as 
their metropolitan counterparts (table 3). Of the deaths 
prevented from CVD, 793 (510 to 1065) would be from 
IHD, slightly more of these among men (418) than 
women (374), a 10.5% reduction in rural IHD deaths. 
Premature IHD deaths (75 years and under) would 
account for 38.3% of the IHD deaths that would be 
delayed or averted, or 4% of all rural IHD deaths. Most 
of these premature deaths would be averted for men, 266 
(232 to 301), compared with 37 (28 to 46) in women.
The rural to metropolitan mortality gap was equivalent 
to approximately 2075 additional IHD deaths in the rural 
population when compared with the metropolitan popu-
lation in 2011 (data not shown). In the counterfactual 
scenario, risk factor differences accounted for 38.2% of 
the gap, leaving 61.8% due to other, unmeasured factors. 
There were substantial differences by sex, with 28.1% of 
the gap attributable to risk factor differences for men, 
compared with 66.7% for women.
deaths attributable to individual risk factors
Table 4 shows the number of deaths that would be delayed 
or averted under the counterfactual scenario for each 
individual risk factor for both CVD and IHD. Obesity 
and smoking, as individual risk factors, accounted for 
the largest numbers of CVD and IHD deaths that could 
be prevented in rural areas, contributing 1309 (1000 to 
1608) and 337 (290 to 388) deaths delayed or averted, 
respectively, for CVD, and 740 (504 to 955) and 225 
(192 to 260) for IHD. The adjustment of fruit and vege-
table intakes showed that more people would die from 
CVD (−290 (05% CI −475 to –103)) and IHD (−298 
(95% CI −486 to –111)) if intakes in rural areas were to 
match those of metropolitan areas, since in this case vege-
table intakes would be worse under the counterfactual 
scenario.
An additional ‘best case’ scenario was explored in which 
only risk factor changes that resulted in improvements 
in cardiovascular mortality were modelled. As shown 
in table 4, changes to rural vegetable, fibre and alcohol 
intakes to match those in major cities resulted in an 
increase in deaths from CVD; therefore, these three risk 
factors were held unchanged in the ‘best case’ scenario. 
Table 5 shows that in this scenario, a total of 1669 (1380 to 
1950) deaths could be delayed or averted in rural areas. 
Of this total, 1161 (943 to 1365) deaths would be averted 
from IHD, which would lead to a mortality gap reduction 
of 56% (45.4% to 65.7%) in rural Australia.
dIscussIOn
This analysis showed that more than one-third of the 
IHD mortality inequality between metro and rural areas 
can be attributed to differences in individual risk factors, 
an important consideration for health policy and inter-
vention planning. Importantly, however, over 60% of 
the increased mortality burden in rural areas was unex-
plained by risk factor differences.
The majority of individual risk factors were found to 
differ between rural and metropolitan areas, with signifi-
cantly higher BMI, EIs and proportion of EI from fats 
observed in rural populations, along with higher levels of 
group.bmj.com on November 5, 2017 - Published by http://bmjopen.bmj.com/Downloaded from 
153
 7Alston L, et al. BMJ Open 2017;7:e018307. doi:10.1136/bmjopen-2017-018307
Open Access
high-risk alcohol consumption and sedentary behaviour. 
Rural people did, however, report significantly higher 
vegetable intakes, which equated to consumption of 
approximately 10% more vegetables than their metropol-
itan counterparts, consistent with previous health survey 
data.2
The origins of the differences in individual modifiable 
IHD risk factors between rural and metropolitan areas2 
are likely to be complex, arising from the interaction of a 
range of factors at the individual and community levels, 
including socioeconomic disadvantage, education levels, 
access to primary health services and health literacy.25 
Living outside of metropolitan areas has been associated 
with more risk factors for chronic diseases in adults,26 
with some evidence that geographical location should 
be assessed as a social determinant of health, above and 
beyond socioeconomic status and area-level disadvan-
tage.27 There is evidence for this in that self-reported 
prevalence of IHD, diabetes and cerebrovascular disease 
was found to be similar in rural and metropolitan areas, 
despite much higher measured mortality rates from these 
diseases in rural areas, potentially revealing reduced 
health awareness in rural populations.28 This may be an 
important contributor to differences in outcomes for 
rural populations, as lower health literacy has been linked 
to poorer outcomes in patients with heart disease.25
In terms of individual risk factors, differences in obesity 
and tobacco smoking appeared to have the biggest impact 
on the increased burden of IHD in the rural population, 
when compared with metropolitan areas. Obesity is a well-
known risk factor for IHD15 and has been consistently 
shown to be higher in rural populations of Australia for 
the past few decades.28 29 Differences in EI and physical 
activity energy expenditure between rural and metropol-
itan populations led to substantial reductions in obesi-
ty-mediated mortality in the counterfactual scenario. 
These reductions explained the largest proportion of 
the mortality gap between the two populations of any of 
the behaviours studied. Higher EIs in the rural sample, 
which increase the likelihood of a higher BMI,30 could 
be reflective of the consumption of more low-cost, ener-
gy-dense foods, possibly in part due to reduced access to 
healthier foods, which has been well documented in rural 
and regional areas.31
The cardioprotective effects of alcohol consumption are 
often debated.32 Our results showed that current levels of 
alcohol intake do not appear to contribute to increased 
cardiovascular risk for rural populations, with 55 fewer 
CVD deaths averted (an increase in deaths overall) as a 
result of the difference in consumption between the two 
populations. This was mainly due to the fact that although 
overall intakes were higher in rural areas, intakes among 
men over 75 years of age were lower in rural areas than 
in metro areas, therefore leading to a modelled increase 
in consumption and therefore associated deaths in this 
group under the counterfactual scenario.
Tobacco smoking is recognised as the largest single 
preventable cause of mortality and morbidity in 
Australia,33 and higher smoking rates in rural areas have 
been apparent since at least 1993.16 26 Despite numerous 
public health initiatives and interventions over this period, 
the rural smoking rate has remained comparatively high 
while the metropolitan rate has continued to decline,16 33 
possibly indicating that such preventative efforts have not 
adequately reached rural Australians.16
The results of this study suggest that substantial gains 
could be made in reducing the CVD mortality gap between 
metropolitan and rural populations if modifiable risk 
factors could be improved in rural areas. Improving risk 
factor profiles in rural populations to at least match that 
of their metropolitan counterparts could be assumed to 
be a reasonable target, and is certainly a relatively modest 
goal, given that even metropolitan risk factor levels are 
far from ideal.34 35 Under the ‘best case scenario’, if only 
unfavourable risk factors in rural areas were changed (eg, 
vegetable intakes left the same), approximately 200 addi-
tional CVD deaths to the counterfactual scenario could 
be prevented every year. Targeting the unfavourable risk 
factors, such as smoking and obesity in rural people, could 
be modest and achievable targets for health policy and/
or community interventions in order to reduce the rural 
death rate to be closer to the levels observed in metro-
politan areas. Importantly, even if the counterfactual risk 
factor reduction scenario were to be achieved, a signifi-
cant proportion (almost two-thirds) of the excess deaths 
would remain, a finding that should prompt major reflec-
tion on the role of socio-economic disadvantage, health-
care provision and other, less prominent risk factors in 
the perpetuation of rural health inequalities.
strengths
This study used three routinely collected, representative 
national data sets, namely the Census, AIHW National 
Mortality Database and the AHS, as inputs for the PRIME 
model. These data sets represent the highest quality and 
comprehensive population data available currently for 
Australia. The use of three robust data sets is required for 
PRIME to provide accurate disease outputs. The PRIME 
model also has many strengths, including that it is able 
to model the effect of changes in multiple risk factors 
simultaneously on mortality rates from different chronic 
diseases, by age and sex. The model has been designed 
using the strongest available scientific evidence on the 
links between chronic disease mortality and dietary 
intake, alcohol consumption, smoking, physical activity 
and obesity levels.16
limitations
Data used in the model were self-reported, which carries 
multiple limitations and could lead to underestimations 
of the level of behavioural risk factors, and subsequently 
mortality gap reductions,36 although it is less likely that 
these biases would differentially affect rural versus metro 
populations. Very remote areas of Australia were not 
sampled in the AHS; therefore, the risk factor levels for 
these populations were not included in the analysis.23 
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This may lead to an underestimation of the prevalence 
of some risk factors, as residents of very remote areas are 
known to experience even higher burden from IHD than 
the broader rural population2; however, they also repre-
sent a very small percentage of the total Australian popula-
tion (0.9%).26 The uncertainty analysis conducted on the 
number of deaths averted only accounts for uncertainty 
within the model parameters, but not the uncertainty of 
estimates from the Australian Heath Survey. Lastly, we 
were unable to account for the diversity in characteristics 
between differing levels of remoteness (eg, inner regional 
areas compared with outer regional or remote areas) due 
to small population numbers. Instead, it was necessary 
to make a single comparison between those living within 
and outside major cities. Differences in population char-
acteristics, access to health services and environmental 
factors can vary significantly by differing levels of remote-
ness, and this is an important consideration for policy 
and planning when trying to improve health in non-met-
ropolitan areas.
cOnclusIOns
There is potential for improvements in the level of CVD 
burden observed in rural Australians, if the prevalence of 
modifiable risk factors such as obesity and smoking were 
to be reduced to match those of metropolitan areas. If 
such a scenario was to be achieved, 38% of the mortality 
gap between rural and metropolitan areas could be 
reduced; however, investigations into factors responsible 
for the remaining 62% of this inequality are needed in 
order to work towards achieving health equality for rural 
populations.
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CHAPTER 8: STUDY 4. ‘A 
comparison of the modelled 
impacts on cardiovascular 
disease mortality if attainment of 
public health recommendations 
was achieved in metropolitan and 
rural Australia’ 
This chapter consists of an authorship statement for study 4, titled ‘A 
comparison of the modelled impacts on cardiovascular disease mortality 
if attainment of public health recommendations was achieved in 
metropolitan and rural Australia and followed by the manuscript under 
review at the journal of Public Health Nutrition and was submitted on the 
22nd of October 2018. This is the second study of section two of this thesis 
called ‘Modelling Risk factors and mortality’, which involved the 
generation of new knowledge on the role of risk factors in the increased 
burden of IHD in rural areas. 
The paper addresses the following research questions of this thesis: 
RQ 6. What is the number of deaths from IHD deaths that could be 
avoided in both rural and metropolitan Australia if public health 
recommendations for major risk factors were met? 
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 Approved final manuscript
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Background: It is not known how many deaths from Cardiovascular Diseases (CVD) could be 4 
avoided if public health recommendations were met by all Australians, nor to what extent the gap 5 
between rural and metropolitan areas could be narrowed. 6 
Objectives: (1) To determine the proportion of deaths from CVD that could be avoided in both rural 7 
and metropolitan Australia if public health recommendations were met; (2) to assess the impact on the 8 
rural CVD mortality and; (3) determine if policy priorities should be different by rurality for CVD 9 
prevention. 10 
Methods: Population, risk factor and CVD deaths data stratified by rurality were analysed using the 11 
Preventable Risk Integrated Model. The baseline scenario was the current risk factor levels (including 12 
physical activity, smoking, diet and alcohol). The counterfactual scenario was the population levels of 13 
these risk factors expected if public health recommendations were met. 14 
Results: Both populations would experience similar relative declines in the proportion of deaths from 15 
CVD. A total of 14,892 deaths from CVD would be avoided annually; with similar declines in the 16 
proportions of deaths by rurality. Critically, the order of policy priorities for public health 17 
recommendation attainment would differ by rurality CVD prevention, with addressing fat intakes 18 
being a higher priority in rural areas. 19 
Conclusions: Achieving public health recommendations in Australia would result in large declines in 20 
CVD mortality. Despite declines in overall CVD mortality under this scenario, an inequality in CVD 21 
burden would persist for rural populations. The order of risk factor priorities would differ by rurality.  22 
23 
Keywords: Rural, Dietary intake, Risk factors, Cardiovascular disease, Ischaemic Heart Disease, 24 




Cardiovascular disease (CVD) contributes to a significant burden of disease in both high-28 
income and low and middle income countries (1). In 2015 more than half a million adult 29 
Australians reported living with the most common form of CVD, Ischaemic Heart Disease 30 
(IHD) (2). While CVD risk factor reductions and advances in medical treatment have 31 
contributed to very significant CVD mortality declines since the 1970s (3), it remains the 32 
number one cause of mortality in Australia (2). CVD presents a large cost burden to health 33 
systems; Australian estimates from 2012-13 indicate that CVD  was responsible for 5 billion 34 
Australian dollars , or 11.1% of all inpatient Australian health care costs (4). Australia’s public 35 
health guidelines (5) promote healthy diets and physical activity, underpinned by evidence 36 
showing that meeting these guidelines will reduce the risk of CVD (6, 7). Most Australians do 37 
not meet these guidelines, with only 4% of Australians meeting recommended intakes for 38 
vegetables and legumes in 2011-12 (8) and 11% meeting the guidelines for sufficient physical 39 
activity (7), representing a clear opportunity for reducing CVD and broader non-40 
communicable disease (NCD) burden in Australia. Risk factors have been shown to differ 41 
between major cities and rural areas in Australia with most risk factors being less favourable 42 
in rural areas, with the exception of vegetable intakes (9). 43 
Modelling studies allow quantification of the benefit of improving population risks to inform 44 
resource allocation and prioritisation (10, 11). A study in Canada (10), showed that 30,540 deaths 45 
from NCDs could be averted annually if the Canadian population were able to attain the 46 
recommended dietary intake levels. The study found that if the population could meet 47 
vegetable and fruit guidelines alone this would account for 72% of the deaths prevented (10). 48 
A study in the UK that modelled the impact of the entire population meeting the physical 49 
activity guidelines (150 minutes of Moderate-Vigorous Physical Active (MVPA) per week) 50 
showed that life expectancy (at birth) would increase by a mean of 95 days (95% confidence 51 
interval 68-128 days) and incidence of IHD in the UK would reduce by approximately 5% 52 
(12).  53 
Australian estimates of benefits arising from meeting health guidelines rarely consider the 54 
heterogeneity of risk or outcome profiles across population geography (13, 14). Rural 55 
populations in Australia are under-researched in comparison to need, with a dominance of 56 
urban-centric research in the Australian literature (15). This has resulted in limited evidence 57 
specific to rural populations to drive policy priority setting for the prevention of NCDs (16). 58 
Large differences in access to health care, health service structures, community and social 59 
norms and geographical isolation have been documented when comparing rural and urban 60 
populations and are known to influence health (17). Differences in CVD risk factors are 61 
evident between rural and metropolitan Australia which could mean that differentiation in 62 
public health priorities of targeting recommendations is warranted (9). 63 
Given that health promotion resources are limited, knowledge on which recommendations 64 
would yield the most benefit (if attained) could assist with policy prioritisation.  65 
Understanding how these benefits and relative priorities may differ between metropolitan and 66 
rural populations in Australia may help development of targeted interventions. 67 
Aims: 68 
1. To determine how many deaths from CVD and IHD would be delayed/averted if69 
Australians met public health recommendations in both metropolitan and rural areas.70 
2. To determine which recommendations would be the highest priority in metropolitan71 
and rural populations, based on potential mortality reductions.72 
3. To ascertain the extent to which absolute and relative CVD and IHD mortality73 
inequalities would persist between rural and metropolitan Australia if public health74 
recommendations were met.75 
76 
Methods 77 
The Preventable Risk Integrated Model (PRIME): 78 
The PRIME model has been used to understand how potential changes from current 79 
population risk factor levels would impact on chronic disease mortality in the UK, Canada 80 
and Australia (9-11, 18, 19). PRIME uses population estimates, disease-specific mortality data 81 
and risk factor data for diet, physical activity, smoking and Body Mass Index (BMI) by sex 82 
and 5 year age groups to generate estimates on the effect of population behaviour change on 83 
changes in mortality (20). Estimates are generated by comparison of a ‘baseline’ scenario 84 
comprising existing mortality rates and risk factor levels with a ‘counterfactual’ scenario 85 
comprising alternative risk factor levels. PRIME is built on a parameterised framework 86 
between modifiable risk factors (such as smoking, diet and physical activity levels), clinical 87 




disease-specific NCD deaths). PRIME parameters are derived from meta-analyses of 89 
published studies and are described in detail elsewhere (20). 90 
Two PRIME models were run separately; 1)  the ‘metropolitan’ model was used to determine 91 
expected changes in CVD and IHD mortality within the metropolitan population of Australia 92 
if they were to meet public health recommendations for diet, alcohol intakes, physical activity 93 
and tobacco smoking (see Table 1); 2) the ‘rural’ model was used to determine changes in 94 
CVD and IHD mortality in rural populations under the same counterfactual scenario, where 95 
everyone met public health recommendations in rural areas. 96 
The metropolitan population was defined as all individuals living in areas classified as a 97 
‘major city’ by the 2011 Australian Statistical Geography Standard Remoteness Areas 98 
(ASGS-RA) (21). The rural population was defined as individuals living in areas classified as 99 
outside of a major city by the same standards, which includes inner regional, outer regional, 100 
remote and very remote areas. 101 
Population data 102 
Population estimates by sex and five-year age groups (from 15-19y up to 85+) for Australian 103 
major cities (metropolitan) and outside of major cities (rural) in the 2011 Australian census 104 
(22). 105 
Risk factor data 106 
The metropolitan model baseline scenario was the observed level of modifiable risk factors as 107 
reported by the 2011-12 National Nutrition and Physical Activity Survey (NNPAS, a 108 
component of the Australian Health Survey (AHS)), for individuals classified as living in a 109 
major city (14). The Australian Health Survey (AHS) is the largest, most comprehensive 110 
survey ever conducted in Australia, and includes sampling of private dwellings across all 111 
population sub-groups in order to obtain a representative sample(14). The sampling is across 112 
all socio-economic groups, ethnicities and geographical areas (excluding very remote 113 
areas)(14). The rural model was the same risk factor data for individuals living outside of a 114 
major city. Data for alcohol intake, smoking and physical activity were obtained using the 115 
Australian Bureau of Statistics (ABS) TableBuilder platform to obtain mean risk factor levels 116 
by 5 year age groups, sex and rurality. Dietary data were obtained by request from the ABS 117 
Microdata, and means and standard deviations for energy (kcal/day), fruit (g/day), vegetables 118 
(g/day), fibre (g/day), dietary cholesterol (mg/day), salt (g/day), total fat (% Energy 119 
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Intake(EI)), saturated fat (% EI), monounsaturated fat (%EI) and polyunsaturated fat (% EI) 120 
and the percentage of people who consumed less than one serve of fruit and vegetables, were 121 
derived using Stata SE v15 (StataCorp. 2017. Stata Statistical Software: Release 15. College 122 
Station, TX: StataCorp LLC). Table 1 shows the PRIME inputs required for each risk factor, 123 
by 5 year age bracket and sex. Implausible dietary intakes were excluded if the participant 124 
had a reported  energy intake (EI) to basal metabolic rate ratio of less than 0.9, as 125 
recommended by the ABS (14). Mean BMI by 5 year age group and sex was also calculated 126 
from the AHS for the metropolitan and rural populations and entered into the separate 127 
models. 128 
Mortality data 129 
Data on the number of deaths due to CVD (International Classification of Diseases- Tenth 130 
revision (ICD-10) codes I00-I99) and IHD (ICD-10 codes I20-I25) by state or territory and 131 
remoteness by sex and 5-year age group, for the year 2011 were requested from the 132 
Australian Institute of Health and Welfare (AIHW) National Mortality Database. Cause of 133 
Death Unit Record File data are provided to the AIHW by the Registries of Births, Deaths 134 
and Marriages and the National Coronial Information System (managed by the Victorian 135 
Department of Justice) and include cause of death coded by the Australian Bureau of 136 
Statistics (ABS). The data are maintained by the AIHW in the National Mortality Database. 137 
Remoteness area is based on area of usual residence—Statistical Area Level 2 (SA2)—138 
classified according to the Australian Statistical Geography Standard (ASGS) 2011 139 
Remoteness Structure. The PRIME model accounts for all cardiovascular deaths under the 140 
ICD codes 100-199, and less preventable conditions are accounted for internally in the model 141 
(e.g. rheumatic heart disease and pulmonary embolism). (ref) 142 
Baseline and counterfactual scenarios entered into the models 143 
For both models (metropolitan and rural), the baseline scenario was the current level of risk 144 
factor data. The counterfactual scenarios (or scenario under investigation) was that the 145 
population achieved the level of modifiable risk factors recommended for optimal public 146 
health in Australia (Table 1). The ‘recommended’ levels for the counterfactual scenarios were 147 
based on the current Australian Guide to Healthy Eating (AGHE)(5), Nutrient Reference 148 
Values (NRVs) (23) and the Australian Government Department of Health guidelines for 149 
physical activity (24) and alcohol intake (25). The proportion of the population reported to be 150 
current smokers in the AHS became ex-smokers in the counterfactual scenario and added to 151 
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the current ex-smoking rate in both the rural and metropolitan models, so there were 0% 152 
current smokers in the population under the counterfactual scenario. Table 1, below includes 153 
the modelled recommendations and source in brackets. The counterfactual scenarios assumed 154 
that total energy intake, energy balance and weight status did not change as a result of the 155 
changes to other behaviours. 156 
157 
Secondary analysis: 100% of population ‘never smoked’ 158 
A secondary counterfactual analysis was used to understand the impact of a 100% non-159 
smoking scenario, in which no one in the population had ever taken up smoking. This 160 
scenario was a completely non-smoking scenario, where there would be 100% non-smokers 161 
in the population. 162 
Uncertainty Analysis 163 
Monte Carlo simulations are built into the PRIME model to generate 95% credible intervals 164 
(CI) around the outputs of mortality estimates generated under the counterfactual scenario.165 
Credible intervals for this analysis were generated using 10,000 iterations. The intervals 166 
produced are based only on the uncertainty within the PRIME parameters, and not on the 167 
variability of the data used as inputs for the model. Due to the scope of this analysis, it was 168 
not feasible to calculate t-tests of proportions between proportions of deaths save by different 169 
risk factors. Hypothesis tests are not feasible to conduct with simulated data, as there are 170 
many sources of uncertainty that are not related to probability theory and assumptions in the 171 
structure of models like PRIME. 172 
Results: 173 
Changes in mortality 174 
Under the counterfactual scenario, in which the Australian population met all public health 175 
recommendations, CVD deaths were reduced by 40% in both metropolitan and rural areas 176 
(Table 2). The models estimated that each year 9,673 (95% CI: 8,135; 11,044) CVD deaths 177 
would be avoided in metropolitan Australia and 5,219 (95% CI: 4,491; 5,852) CVD deaths in 178 
rural Australia. Significantly greater reductions in the number of CVD deaths among males 179 
than females were predicted in both metropolitan and rural populations (p<0.001).  Greater 180 
proportional reductions in IHD were predicted, but were again similar between metropolitan 181 
168 
(-52.8 %) and rural (-52.9%) areas. Males living in metropolitan areas would experience the 182 
greatest reduction in IHD deaths (-55.9%). 183 
184 
Proportion of deaths delayed or averted attributable to meeting each of the recommendations 185 
Figure 1 shows differences in the proportions of deaths saved for CVD and IHD by each 186 
recommendation for both rural and metropolitan areas. Under the counterfactual scenario, 187 
rural populations would save a higher proportion of CVD deaths as a result of meeting 188 
recommendations for fat and salt intakes when compared to their metropolitan counterparts 189 
(figure 1 and table 3). Conversely, a higher proportion of CVD deaths would be averted in 190 
metropolitan areas as a result of meeting recommendations for fruit and vegetable serves, 191 
fibre intake and alcohol consumption. For IHD there were no differences in the proportion of 192 
IHD deaths saved as a result of meeting recommended levels of alcohol consumption and 193 
fibre, however more deaths would be saved from reducing smoking, fats and salt in rural 194 
areas. 195 
There were no differences in the proportion of deaths saved from CVD and IHD as a result of 196 
meeting physical activity recommendations between the two populations, showing that if 197 
physical activity recommendations were met across Australia, rural and metropolitan areas 198 
would benefit equally. 199 
Overall, the order of policy priorities in meeting recommendations to achieve the highest 200 
reduction in CVD and IHD mortality was different for rural and metropolitan populations, 201 
based on the proportion of deaths saved due to changes in each risk factor.  Achieving 202 
recommended fruit and vegetable intakes alone would lead to the highest benefit for rural and 203 
metropolitan populations for both CVD and IHD (Table 3). 204 
Achieving sufficient physical activity would be the second priority for both populations for 205 
the greatest CVD reductions, followed by meeting recommendations for fat and fibre intake. 206 
Reducing smoking would be a higher priority in rural Australia and conversely meeting 207 
alcohol recommendations would be a higher priority for metropolitan areas. 208 
For larger reductions in IHD, after meeting fruit and vegetable intakes, reducing consumption 209 
of fats would be a higher priority in rural Australia when compared to metropolitan areas. 210 
Inequalities between rural and metropolitan areas under the modelled scenarios 211 
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Figure 2 shows the baseline relative risks (RR) for both CVD and IHD mortality in rural 212 
compared to metropolitan areas and the change in absolute deaths rates per 100,000 213 
population under both the baseline and counterfactual scenarios. Under the counterfactual 214 
scenario, the RR for CVD among the rural population would be unchanged due to similar 215 
proportional reductions in mortality from CVD in both areas. Supplementary table 4 details 216 
baseline and counterfactual death rates per 100,000 by sex, with corresponding relative risks. 217 
Among males, the rural-metro relative risk of CVD death would increase slightly under the 218 
counterfactual scenario from 1.34 to 1.35, but among females would stay essentially stable. 219 
The difference in CVD death rates between metropolitan and rural Australia would reduce 220 
from 37 deaths per 100,000 to 22 deaths per 100,000 under the counterfactual scenario. For 221 
IHD the absolute mortality gap would halve, from 24 deaths per 100,000 people to 12 deaths 222 
per 100,000 (Figure 2). 223 
Secondary analysis: 100% non-smoking scenario 224 
In the secondary analysis of 100% non-smoking in the population (a potential future scenario 225 
in Australia) the results showed an additional 5% of CVD deaths would be delayed or averted 226 
in rural areas (total reduction 45.1% from baseline), compared with an additional 3% in 227 
metropolitan areas (-43.3% from baseline) (supplementary Table 5). 228 
Discussion 229 
If the Australian population met public health recommendations for diet, physical activity, 230 
alcohol consumption and smoking, there would be a similar reductions in the total proportion 231 
of CVD and IHD deaths in rural areas when compared to metropolitan areas. Despite large 232 
estimated reductions in mortality for both populations, meeting public health 233 
recommendations would not eradicate the mortality gap that exists for both CVD and IHD 234 
between rural and metropolitan Australia. Due to similar proportional improvements in both 235 
areas, the total relative risk for CVD mortality in the rural population would remain the same 236 
under the counterfactual scenario and the IHD mortality RR would slightly increase. 237 
However, the absolute difference in death rates for CVD and IHD between metropolitan and 238 
rural areas would reduce by up to half, demonstrating that achieving recommendations for 239 
modifiable risk factors would reduce but not fully eradicate the substantial inequalities in 240 
CVD and IHD between the two populations. This is consistent with earlier modelling work 241 
which demonstrated that a substantial proportion of excess risk in rural areas could not be 242 
attributed to modifiable risk factors (9). 243 
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This study showed that achieving the recommended levels of fruit and vegetable intakes 244 
would achieve the highest benefit for reducing CVD and IHD across both metropolitan and 245 
rural Australia, a finding supported by earlier estimates showing that low fruit and vegetable 246 
consumption contribute a substantial amount (22%) of the total fatal and non-fatal IHD 247 
burden in Australia (13), and  preventable disease mortality in Canada (10). A similar modelling 248 
study, using PRIME in the UK, also found fruit and vegetable intakes to be the most 249 
significant modifiable contributor to the burden of CVD, with fruit, vegetable and energy 250 
intakes being the principle determinants of geographic inequalities across Scotland, Wales 251 
and Ireland (19). The current study predicted significant differences by rurality in the 252 
reductions in deaths attributable to specific risk factor improvements, showing higher benefit 253 
in rural areas from addressing fat and salt intake when compared to their metropolitan 254 
counterparts. 255 
Critically, for the risk factors considered here, this study provides evidence that the order of 256 
policy priorities for public health recommendations to reduce CVD and IHD may be different 257 
between rural and metropolitan areas. Priority setting for the prevention of CVD and IHD 258 
needs to acknowledge differences between rural and metropolitan areas and the differing 259 
barriers to meeting public health recommendations. Meeting dietary guidelines has been 260 
shown to be more difficult in rural areas due to reduced access to the core food groups and 261 
the increased expenses of these foods (26, 27). A recent study in regional areas in the state of 262 
Victoria showed that the cost of a healthy food basket was highest in areas more than 15km 263 
from a major regional centre (26), with similar results shown in other studies in different states 264 
across regional and remote Australia (27). Similarly, populations in rural areas may experience 265 
different constraints to metropolitan areas in meeting physical activity recommendations of 266 
30 minutes of moderate physical activity five times per week(28).  A recent study by Cleland 267 
et al (28) highlighted that urban-centric interventions aimed at increasing physical activity are 268 
unlikely to be applicable to rural Australia, due to differences in the socio-ecological 269 
environments and subsequent influence on exercise behaviours in rural areas (28, 29). 270 
The use of three comprehensive, high quality and nationally representative datasets as inputs 271 
for this model, (Census, AHS and AIHW National Mortality database), is a significant 272 
strength of this study. The AHS did not, however, sample remote and very remote 273 
populations, where remoteness is known to be associated with reduced access to fresh foods 274 
and impact on health behaviours (27, 30). As remote and very remote areas include 2.3% of 275 
Australia’s population, the number of deaths from CVD and IHD that could be prevented 276 
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may be under-estimated if the levels of risk factors among populations in these areas are not 277 
considered (21). The risk factor data used in this analysis were self-reported, which carries 278 
multiple limitations and includes the potential for under-estimations of risk factors for both 279 
populations (14). Detailed national population data on nutrient intakes is not routinely 280 
collected in Australia, and the most recent suitable data, as used in this study, were collected 281 
in 2011-13, and may not accurately represent current dietary patterns in Australia. Dietary 282 
intake data, on refined sugars (31) and trans-fat intakes (32) that are associated with increased 283 
CVD mortality are also not accounted for in the model and may lead to underestimations of 284 
potential lives saved. The PRIME model uses the strongest available evidence on the links 285 
between modifiable risk factors and chronic disease mortality, however in many cases, where 286 
systematic reviews of RCTs are not available, the parameters are still subject to the 287 
limitations of observational epidemiology, leaving some of the estimates vulnerable to 288 
substantial uncertainty. The model also assumes a steady state without consideration of the 289 
time taken to achieve either the behaviour changes or the expected benefits, and there may be 290 
substantial lag times between population behaviour change and impact on mortality rates, and 291 
these lag times may impact on the assessment of priorities. The model also only considers 292 
mortality, and therefore policy priorities may be very different if considering the total health 293 
burden in rural and metropolitan Australia. 294 
To achieve public health recommendations for diet, physical activity, smoking and alcohol 295 
remains an ongoing challenge across the globe, regardless of rurality. This study shows that 296 
achievement of these recommendations would have very substantial benefits, potentially 297 
saving tens of thousands of lives annually, providing support for prioritising policies and 298 
programs to support these behaviours, even in the context of limited financial resources. 299 
Modelling studies stratifying analyses by rurality provide additional insights to understand 300 
how behaviour change interventions may maximise benefits of public health interventions 301 
and consider the unique circumstances of rural populations. Analysis by rurality assists with 302 
evidence to promote the incorporation of differences between metropolitan and rural 303 
populations into health policy and action. 304 
Finally, it is important to note that public health recommendations do not necessarily reflect 305 
the absolute minimum risk that can be achieved, and further benefits may accrue with 306 
additional improvements in risk behaviours. Recommendations are set based on scientific 307 
evidence of associations in risk reductions for chronic disease, but are also influenced by a 308 
range of other factors, including, for instance, public acceptability, evidence on population 309 
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level nutritional deficiencies and food supply assessments (5, 23). For example, additional 310 
vegetable consumption beyond the recommended minimum level (5 serves per day) would be 311 
expected to result in even larger mortality reductions than the results presented here. A recent 312 
meta-analysis of 13 studies showed that with every 400g/day increment of vegetable intake, 313 
IHD risk was reduced by 18%, suggesting further mortality reductions could be achieved by 314 
exceeding the guidelines (33). A similar case is observed for fibre, with every 10g increase of 315 
fibre intake resulting in continued decreases in the RR for IHD mortality and therefore 316 
exceeding this modelled scenario would translate to a further decrease in risk (34). 317 
Conclusion 318 
The achievement of public health recommendations for diet, physical activity and smoking in 319 
Australia would result in large decreases in CVD and IHD mortality for both rural and 320 
metropolitan populations. Despite improvements in overall CVD and IHD mortality under 321 
this scenario, an excess burden of CVD burden would persist for rural populations. Increasing 322 
vegetable intakes would have by far the largest impact on mortality rates in both populations, 323 
however additional priorities differ between rural and metropolitan Australia and higher 324 
priority should be placed on addressing fat intakes in rural areas. 325 
326 
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436 
Table 1: PRIME risk factor data requirements and the Public Health counterfactual scenario 437 
level entered into both the metropolitan and rural model 438 
Risk factor Prime Unit Requirement Recommended level (input 
for counterfactual scenario) 
Diet Proportion of low/non-consumers of fruit (<1 
serve/day) (% of population) 
0% 
Mean fruit consumption of the remaining 
population (g/day) 
300g / day 
(2x 150g serves) 
175 
(AGHE) 
Proportion of low/non-consumers of 
vegetables (<1 serve/day)( % of population) 
0% 
Mean vegetable consumption of the remaining 
population (g/day) 
375g / day 
(5 x 75g serves) 
(AGHE) 
Mean fibre consumption (g/day) Men: 30g / day 
Women: 25g / day 
(NRVs) 
Mean dietary cholesterol consumption 
(mg/day) 
180mg/day lower end of 
average intakes in literature, no 
UL/RDI  exists (NRVs) 
Mean salt consumption (g/day) 5g of salt/day 
Sodium is less than 
2000mg/day, M & F, converted 
to salt (g) (NRVs) 
Mean total fat intake (% of total energy intake) 20% of total energy  [NRVs] 
Mean saturated fat intake (% of total energy 
intake) 
6% of total energy  
(NRVs) 
Mean monounsaturated fat intake (% of total 
energy intake) 
7% of total energy  
(NRVs) 
Mean polyunsaturated fat intake (% of total 
energy intake) 
7% of total energy  
(NRVs) 
Alcohol Proportion of abstainers / low consumers (<1 
g/day) 
Current level based on 
population Australian health 
survey 2011-13. 
Mean consumption (g/day) among the 
remaining population 
2 standard drinks 5 days per 
week (14g of alcohol per day 
over 7 days) (DoH) 




0% current smokers 
All current smokers (in 
baseline scenario) become ex-
smokers. 
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Physical activity Proportion of population who are sedentary 
Amount of moderate-vigorous activity among 
the remaining population (% of population 
MET hours per week) 
0% of population sedentary 
20 MET hours/week 
30min x 5/week convert to 
MET hours per week (DoH) 
Notes: AGHE: Australian Guide to Healthy Eating, DoH: Department of Health (website), NRVS: nutrient reference values 439 
(website), UL: Upper Limit, RDI: Recommended Dietary Intake 440 
441 
442 
Table 2: CVD and IHD deaths in rural and metropolitan Australia by sex at baseline and 443 
changes observed under the counterfactual scenario, in adults over 15 years, 2011 444 
Rural Australia Metropolitan Australia 







6,609 6,298 12,907 11,399 12,727 24,126 
CVD deaths 
averted 





















4,366 3,192 7,557 7,260 6,529 13,789 
IHD deaths 
averted, 















-55.1% -49.9% -52.9% -55.9% -49.4% -52.8%
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Table 3: Differences in the order of priorities to prevent both CVD and IHD in rural and 451 
















1 Fruit and 
vegetables 
1 Fruit and 
vegetables 
1 Fruit and 
vegetables 
1 
Fibre 4 Fibre 4 Fibre 4 Fibre 4 
Fats 3 Fats 3 Fats 2 Fats 3 










Alcohol 7 Alcohol 5 Alcohol 7 Alcohol 7 
Smoking 5 smoking 6 smoking 5 smoking 5 
Notes: Colour highlight indicates differences in the order of priorityfor risk factors  between rural and 454 






Figure 1: Proportions of total CVD and IHD deaths saved by rurality and public health 
recommendation under the counterfactual scenario. 
178
Supplementary Table 1: References for the Epidemiological parameters in PRIME for IHD and CVD relevant to PRIME 
scenario analysis, Alston et al. 
Risk factor References used for parameters 













Biomedical Risk factor 
Serum Cholesterol (10)
Blood Pressure (11)
Note: Adapted table from Scarborough et al, 2014. The Preventable Risk Integrated ModEl and Its Use to Estimate the 
Health Impact of Public Health Policy Scenarios. Scientifica. Vol 2014. 
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Supplementary table 2: Key assumptions, limitations and strengths of the PRIME Model  
Key Assumptions Key Limitations Key Strengths 
The model assumes that 
interactions between risk factors 
are generally positive, for 
example that the interaction of 
combined risk from two risk 
factors is larger than the sum of 
both components.  
PRIME, like post NCD models 
does not take into account 
interactions between different 
risk factors for NCDs. This is due 
to a lack of supporting literature 
around the size of interactions 
between risk factors.  
The model analysis is 
based on inputs from 
comprehensive and high 
quality population health 
surveys, population 
CENSUS and mortality data 
The PRIME model assumes a 
‘steady state’ within the 
population and shows changes 
for one point in time only. 
The PRIME model is incapable of 
incorporating the time-lag 
between exposure to risk factor 
change, and the outcome. 
Therefore it is not possible to 
estimate when the results would 
be achieved. It is also unclear 
how long after risk factor 
exposure has changed that there 
would be an observed effect on 
the outcome.  
The model has been 
designed 
using the strongest 
available scientific 
evidence on the 
links between chronic 





and obesity levels 
PRIME also cannot consider the 
lifetime effect of exposure to 
different risk factors. For 
example, if there has been a high 
prevalence of smoking among 
young adolescents in the 
population, but a low rate in the 
elderly population, this could 
provide distorting effects on 
preventable or averted deaths. 
The model is able to model 
the effect of changes in 
multiple risk (including 
detailed nutrient intake 
data) factors 
simultaneously on 
mortality rates from 
different chronic diseases, 
by age and sex. 
Notes: Abbreviations: NCD, Non-Communicable Disease. Adapted from Scarborough et al, 2014. The Preventable Risk 
Integrated ModEl and Its Use to Estimate the Health Impact of Public Health Policy Scenarios. Scientifica. Vol 2014. 
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CHAPTER 9: STUDY 5. ‘Policy 
makers’ perceptions of the 
high burden of heart disease in 
rural Australia: Implications for 
the implementation of 
evidence-based rural health 
policy’ 
This chapter consists of an authorship statement for study 5, titled ‘Policy 
makers’ perceptions of the high burden of heart disease in rural Australia: 
Implications for the implementation of evidenced-based rural health 
policy’ and followed by the manuscript under review at  the peer-review 
journal PLOS One (submitted on the 18th of July 2018). This is the only 
study of section three of this thesis called ‘Policy making and evidence use 
in rural areas’, which involved the generation of new knowledge around 
how the rural context implicates the use of scientific evidence in rural 
health policy in Australia.  
The paper addresses the following research questions of this thesis: 
RQ 7. What are the perceptions of policy makers on the increased burden 
of IHD in rural Australia, and what are the facilitators and barriers to the 
adoption and implementation of scientific evidence in Australian health 
policy in the rural context? 
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Abstract: Background: Rural Australian populations experience an increased burden of
ischaemic heart disease (IHD) compared to their metropolitan counterparts, similar to
other developed countries, globally. Policy and other efforts need to address and
acknowledge these differences in order to reduce inequalities in health burden. This
paper examines rural health policy makers' perceptions and use of evidence in efforts
to reduce the burden of IHD in rural areas.
Methods: Policy makers and government advisors (n=21) who worked with, or advised
on, rural health policy at local, state and federal government levels, with specific focus
on the state of Victoria (n=9) were identified from publicly available documents and
subsequent snowball sample. Semi-structured qualitative interviews were conducted in
regards to the use of evidence in policy to prevent IHD and thematic analysis
undertaken applying two theoretical perspectives: context-based evidence-based
policy making and the conceptual framework for understanding rural and remote
health.
Results:  The rural context, particularly low resourcing, was seen as limiting potential
for evidence based policy at local government (LG) level. Lower levels of political
pressure and education were seen as constraints to evidence-based policy in rural
communities. Participants described the potential for policy to have a greater impact on
reducing heart disease in rural areas though they felt under-resourced and out of touch
with the scientific evidence. Scientific studies were less valued than local anecdote to
prioritise specific policy. At all levels (local, state and federal) low self-efficacy in
interpreting evidence and perceived lack of relevance inhibited development of
evidence informed policy.
Conclusion
The rural context constrains the use of scientific evidence in policy making for the
prevention of heart disease in rural areas in Australia with multiple factors influencing
the capacity for evidenced based health policy. This is similar to findings at the
international scale and is for consideration across other developed countries that
experience inequalities in IHD disease burden between rural and urban populations.
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Policy makers’ perceptions of the high burden of heart disease in rural 20 
Australia? Implications for evidence based rural health policy 21 
22 
Abstract 23 
Background: Rural Australian populations experience an increased burden of ischaemic 24 
heart disease (IHD) compared to their metropolitan counterparts, similar to other 25 
developed countries, globally. Policy and other efforts need to address and acknowledge 26 
these differences in order to reduce inequalities in health burden. This paper examines rural 27 
health policy makers’ perceptions and use of evidence in efforts to reduce the burden of 28 
IHD in rural areas. 29 
Methods: Policy makers and government advisors (n=21) who worked with, or advised on, 30 
rural health policy at local, state and federal government levels, with specific focus on the 31 
state of Victoria (n=9) were identified from publicly available documents and subsequent 32 
snowball sample. Semi-structured qualitative interviews were conducted in regards to the 33 
use of evidence in policy to prevent IHD and thematic analysis undertaken applying two 34 
theoretical perspectives: context-based evidence-based policy making and the conceptual 35 
framework for understanding rural and remote health.  36 
Results:  The rural context, particularly low resourcing, was seen as limiting potential for 37 
evidence based policy at local government (LG) level. Lower levels of political pressure and 38 
education were seen as constraints to evidence-based policy in rural communities. 39 
Participants described the potential for policy to have a greater impact on reducing heart 40 
disease in rural areas though they felt under-resourced and out of touch with the scientific 41 
evidence. Scientific studies were less valued than local anecdote to prioritise specific policy. 42 
188 
At all levels (local, state and federal) low self-efficacy in interpreting evidence and perceived 43 
lack of relevance inhibited development of evidence informed policy. 44 
Conclusion 45 
The rural context constrains the use of scientific evidence in policy making for the 46 
prevention of heart disease in rural areas in Australia with multiple factors influencing the 47 
capacity for evidenced based health policy. This is similar to findings at the international 48 
scale and is for consideration across other developed countries that experience inequalities 49 
in IHD disease burden between rural and urban populations. 50 
51 
Introduction 52 
Cardiovascular diseases (CVD), including ischaemic heart disease (IHD) are the leading 53 
causes of death in Australia(1, 2). Rural and remote dwelling Australians experience a higher 54 
and disproportionate burden of these diseases when compared to their metropolitan based 55 
counterparts(3, 4).  56 
A large inequality in CVD burden persists between rural and metropolitan Australia, and in 57 
2015, rural Australians were reported to be between 1.15 and 1.3 times more likely to die 58 
from CVD than their metropolitan counterparts (5). A recent study using macro-simulation 59 
modelling techniques (the PRIME model) suggested that almost  40% of the gap in deaths 60 
between rural and metropolitan areas would be  prevented if modifiable risk factor profiles 61 
among rural populations mirrored the those in metropolitan areas (6). Rural populations 62 
with CVD worldwide have been shown to have a lower prevalence of healthy lifestyle 63 
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attributes than their urban counterparts and this presents as an ongoing challenge for public 64 
health policy and action (7).  65 
The persistent inequity in disease burden between rural and metropolitan areas is in part 66 
due to current and historical public health policies serving metropolitan populations more 67 
effectively than rural Australians (6, 8-11). Inequalities in CVD burden across rural areas in 68 
low, middle and high-income countries have been documented worldwide, with evidence to 69 
show that systemic change and action is needed in rural communities across the primary, 70 
secondary and tertiary CVD prevention contexts (7, 12, 13) . 71 
The use of evidence in policy has been encouraged in light of ‘evidence based practice’ (EBP) 72 
which forms the basis and justification of strategies for clinical health interventions in 73 
modern medicine. However, this practice is much less common in the practice of health 74 
policy and decision making at the population level (14, 15).  In the clinical context, evidence-75 
based guidelines for treatment of heart disease, such as acute coronary syndrome, 76 
specifically consider geographical challenges and requirements in the rural context and have 77 
been developed as a result of evidence  of the differences between rural and urban 78 
Australian populations (16).  A priori it seems reasonable that health policy in rural Australia 79 
should use a more evidence led approach (17) in creating health policy addressing non-80 
communicable disease (NCD) risk that is specific to the rural context (14, 15, 18). In reality 81 
implementation of evidence based policy appears to have been hampered by competing 82 
agendas, shifting ‘policy windows’, differing government priorities (19, 20) and electoral 83 
promises, political pressures, resources and the individual values (14, 15, 17, 18).  As the 84 
inequalities persist, there is very little research on the use of evidence within rural health 85 
policy.  86 
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There are many external factors (such as the rural context) that ultimately influence how 87 
and if evidence is used to justify health policy decisions(15). To understand the use of 88 
evidence in rural health policy, two pertinent frameworks need to be considered, being The 89 
Conceptual Framework of Context-Based Evidence-based Decision Making by Dobrow et al 90 
(2004) (15) combined with The Conceptual Framework for Understanding Rural and Remote 91 
Health by Bourke et al (2012)(21). The Conceptual Framework of Context-Based Evidence-92 
Based Decision Making has been used to guide qualitative analysis to better understand 93 
evidence use in the development of breast cancer screening(22) and colorectal cancer 94 
screening policy(15) in varying health care settings. To understand the influence of the rural 95 
context in the process of using the scientific evidence to drive health policy, the Conceptual 96 
Framework for Understanding Rural and Remote Health(23) provides a lens specific to the 97 
unique social, cultural and spatial conditions observed in rural Australia. This framework  98 
has previously been used to understand how the rural context affects policy planning for 99 
primary health care services in rural areas and presents a way of defining the influence of 100 
the rural health system on health outcomes in Australia (23).  Bringing these two 101 
frameworks together may provide additional insight into the use (or not) of evidence about 102 
inequalities in the policy platforms seeking to improve rural IHD rates. In this study, for ease 103 
of description the term ‘rural’ refers to any location outside of a major city in Australia(24), 104 
the term ‘policy’ (25) is any intentional government policy aimed at reducing the IHD burden 105 
in rural areas, and finally, the term ‘evidence’ refers to the research or published scientific 106 
evidence or data(26).  107 
The aims of the study were to: 108 
191 
1. Describe the perceptions of evidence showing the increased IHD disease burden, among109 
rural health policy makers and advocates in Victoria and compare these to views among110 
their state and federal counterparts, and111 
2. Identify the extent to which there is adoption of evidence in Australian health policy in112 
the unique rural context, and facilitators and barriers to adoption and implementation.113 
3. Consider the influence of the rural context over the use of scientific evidence to drive114 
policy in rural Australia through the lens of two published conceptual frameworks (15,115 
21).116 
Methods 117 
This research was conducted with assumptions informed by a ‘post-positivism’ stance (26). 118 
Post-positivism argue that the truth can be uncovered and described, but never completely 119 
understood (26). Semi-structured qualitative interviews (n=21) were conducted with policy 120 
makers and government advisors, working with or advising on rural health policy at local, 121 
state and federal levels, with specific focus at local level in Victoria (n=9). Perspectives of 122 
those working at local government (LG) level in the state of Victoria were compared with 123 
Victorian state government and federal perspectives on the issue of IHD and rural health 124 
policy. Interviews were conducted to the point of data saturation whereby no new themes 125 
were emerging from the data, and repetition was emerging between participant responses. 126 
In qualitative research methods, data saturation indicates adequate participant sampling 127 
has occurred in the context of the research question(27). Ethics approval was received from 128 
the Deakin University Human Ethics Advisory group within the faculty of Health reference 129 
number HEAG-H 91_2016.  130 
Recruitment 131 
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Participants were identified purposefully and via a snowball sampling method. To be 132 
eligible, participants had to have been working with health policy in a rural area for at least 133 
1 year at either local or state level in Victoria, or at a federal level. Roles of participants 134 
included health policy makers, politicians, academics and leaders of relevant health 135 
advocacy organisations (e.g. NGOs) who worked directly with government policy makers. 136 
The state of Victoria was chosen as the state of focus, as all local governments in Victoria 137 
are required by legislation to have a strategic health and wellbeing plans under each council, 138 
and this is guided by the Public health and Wellbeing Act (2008)(28). These plans formed the 139 
basis for enquiry of rural health policy at local level. States such as Western Australia do not 140 
have such requirements at local government level and therefore were not able to be 141 
investigated here. Recruitment was closed when the data reached thematic saturation, 142 
whereby no new themes emerged from the data(29), after 21 interviews. There were only a 143 
small number (n=3) of interviews with state level participants as these participants had 144 
closely aligned views with National level participants, and participants generally had 145 
experience consulting to national level as needed, within their roles. 146 
Table 1: Details of participants recruited for interviews, including the level of government they 147 
predominantly work within and a non-identifiable summary of their current/previous roles. 148 
Role Government level Number of participants 
Policy developer Local (Victoria) 9 
Policy advisor State (Victoria) 2 
Member of Parliament State (Victoria) 1 






Interviews were conducted either in person at the participant’s workplace, or via telephone 151 
by the lead researcher (LA) and audio-recorded. An interview schedule was developed using 152 
open ended questions around the following domains: 153 
1. Perceptions of the increased burden of CVD/IHD in rural areas and barriers to154 
effective policy actions155 
2. Priorities for health in rural areas156 
3. The use and perceptions of scientific evidence in the rural health policy making157 
process158 
4. Barriers to using the scientific evidence in the policy and priority setting process159 
Interview times ranged from 25 minutes to 1 hour. All interviews were recorded and 160 
transcribed, and the interviewer also took notes throughout the interview process on 161 
additional observations. 162 
Analysis 163 
Interviews were transcribed and checked for accuracy by LA. Transcripts were thematically 164 
analysed using a theoretical thematic analysis technique (27) which incorporates the use of 165 
a framework derived from the literature when defining themes within the data. 166 
Two theoretical frameworks were used to guide the thematic analysis of participant 167 
responses. All questions that focussed on understanding the participant’s perception of the 168 
increased burden of IHD in rural areas and how this translated into actions relevant to 169 
health policy were analysed using the lens of the Conceptual Framework for Understanding 170 
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Rural and Remote Health (23). This framework was chosen as it explicitly focuses on 171 
understanding rural health, and the issues experienced by rural populations in order to 172 
achieve optimal health status in the Australian context. It is comprised of six concepts 173 
summarised in table 2 (21). 174 
Table 2: Summary of the six categories of the Conceptual Framework for Understanding Rural and 175 
Remote Health (Bourke et al., 2012) 176 
Framework 
category 
Summary of rural concept 
Rural locale Acknowledges the complex interplay between social relations, social capital, 
culture and country on influencing health outcomes within a geographical 
rural area. For example, strong social norms within a rural community 
regularly exist and can ultimately influence the health of that community. 
Geographical 
isolation 
Refers to spatial/physical distance, such as the distance of a rural locale to 
services. 
Health responses 
in the rural locale 




Broader health systems refers to how rural health systems are influenced by 




Multiple structures at societal level interplay with the rural locale, 
geographical isolation and health systems to contribute to the current 
situation in rural health (such as political pressures). 
Power Power is both an enabler and inhibitor to change and progression within rural 
health, and it interacts at all levels of the framework, from the rural locale, to 
broader social structures influencing the health outcomes of rural Australians. 
177 
This framework used to define the context of rurality Australia and its influence over the use 178 
of scientific evidence in health policy. The Conceptual framework for Context-based 179 
Evidence-Based Decision-Making (15) was used to define the different stages pertaining to 180 
the use of scientific evidence in health policy decisions. This framework specifically 181 
acknowledges the rurality of a population as an external contextual influence on the use of 182 
evidence in decisions around health policy, and is especially relevant to this research, and is 183 
summarised in table 3 below. 184 
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Table 3:  Summary of the three stages of evidence use as outlined by Conceptual Framework for 185 
Context-Based Evidence-Based-Policy Decision Making (Dobrow et al., 2004) 186 
Stage of evidence use in 
decision making 
Summary of concept 
Introduction Issues relating to the identification, accessibility, availability and 
rate of transmission of evidence. 
Interpretation This stage describes activities relating to the synthesis, 
evaluation and assessment of generalisability/ appropriateness 
of the use of evidence to the policy decision/action 
Application Final step in evidence based policy making where evidence is 
directly used to justify or determine a policy action/design 
187 
To ensure the specific rural context could be analysed in terms of its influence over the use 188 
of scientific evidence in health policy, these two frameworks were combined to create 18 189 
possible themes that could be analysed within the data, using a deductive analysis 190 
approach(27). Figure 1 shows how these two frameworks were combined when considering 191 
the use of evidence in health policy in rural areas.  192 
196 
Figure 1: Applying the conceptual framework for understanding rural and remote health (Bourke et al., 2012) 193 
to the framework for context-based evidence-based decision making (Dobrow et al., 2004). 194 
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NVivo software version 11 (QSR international), was used to generate, organise and analyse 196 
themes that emerged from the transcript data. Firstly transcripts were read in full by the 197 
researcher using an open coding process. Axial coding(29) was then used to analyse each 198 
theme and explore how each theme may be related.  Finally, selective coding, with 199 
application of the two frameworks, was employed to generate a story from the data. LA 200 
coded the data in consultation with co-author SA and the two frameworks. Perspectives 201 
within the outlined themes were compared between participants at different levels of 202 
government. 203 
No differences were observed in the participant responses between those working at either 204 




The summary of findings from each theme derived from the frameworks is summarised in 208 
table 4. The themes of the ‘Rural Locale’, ‘Broader Health Systems’ and ‘Power’ were most 209 
prominent in the results and are discussed in additional detail below. Discussions of the 210 
other themes are available as supplementary information.  211 
The Rural locale 212 
The context of the ‘rural locale’ (21) had implications for all stages of evidence use within 213 
the policy process in rural areas.  214 
Stage 1: Introduction of evidence 215 
The participants at LG level described how the rural locale may play a role in likelihood of 216 
them identifying and accessing the scientific evidence on IHD in rural areas during the policy 217 
writing process. For example, in one rural area, the community felt that the high burden of 218 
IHD was a prominent issue which then led to action and evidence informed policy within the 219 
community. 220 
 “We’ve had an initiative that’s been going for 10 years which is a preventative health 221 
collaboration initiative, which it was called [omitted] … It’s called that because it was about 222 
heart disease.” - Local Government Community Services Manager and health policy writer 223 
Other LG participants working in different rural settings thought that focussing on IHD in 224 
their policies was not useful as this was not perceived as an issue within the social norm of 225 
their community.  As a result of the conditions within these settings there was unlikely to be 226 
IHD specific policy, and therefore policy makers would be even less likely to be accessing the 227 
relevant scientific evidence on the issue. 228 
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“We know that what we’re doing is to eventually prevent chronic disease, but focusing on 229 
the chronic disease itself, we haven’t found it’s particularly effective when it comes to 230 
communicating with the community. ” -Social planner responsible for public health and 231 
health policy 232 
One LG participant highlighted how within their rural locale, using scientific evidence in their 233 
policy work was atypical. 234 
“Probably the short answer is no. I probably don’t chase any of that sort of stuff (scientific 235 
intervention studies).”-  Environmental Officer responsible for public health and health policy 236 
At the HL, the ‘rural locale’ was also acknowledged as having influence over whether or not 237 
there would be pressure on the LG to develop evidence based policy and strategies for 238 
reducing IHD. The following quote is a reflection of how the perceptions of the community 239 
can influence risk behaviours, or make them socially acceptable and therefore reducing 240 
pressure on LG to form policy related to preventable diseases such as IHD. 241 
 “So, each of those towns have its own cultural identity and people in those towns, you 242 
know, to a greater or lesser extent operate within a unique cultural environment, if you like. 243 
So, an environment where it's, you know, if you’re not smoking what's wrong with you?” –244 
Rurally-based National Policy Advisor  245 
Stage 2: Interpretation 246 
The social norms within the rural locale of LG participants had a direct effect on how the 247 
scientific evidence is interpreted and considered as relevant to health policy action. LG 248 
participants working within the rural locale are influenced by the social norms and 249 
structures within their rural area, as they interact with their unique surroundings. If the 250 
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evidence doesn’t feel right, or fit in with the perceived culture then it was less likely to be 251 
interpreted as valuable and required for the progression of policy work around IHD 252 
prevention. 253 
“If you present me with something and I don’t think that that makes intuitive sense, I’m 254 
going to be sceptical about using it as - as evidence, which is, I know, completely 255 
unscientific…….Then you see, you’ve always got to be a little bit careful about studies and - 256 
and research” – Director of Community Services responsible for designing public health and 257 
health policy. 258 
The influence of the rural locale is evident in the view that if scientific studies are not 259 
generated from within the rural community then they interpreted as less relevant than the 260 
local community stories when justifying policy actions around preventable conditions such 261 
as IHD. 262 
“It’s international, or it’s, you know, it’s urban or something like that… you think well, it does 263 
really have to be relevant to the area. And as I said, communities are all different, and even 264 
though a lot of the health issues and cardiovascular issues in [name] Shire are quite similar 265 
to (neighbouring shire), you know, it’s completely different local government area. So I 266 
would be needing to know that actually that scientific study is going to be relevant for our 267 
community.” – Director of Community Services with experience in multiple rural local 268 
governments in policy formulation 269 
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Table 4: Summary of the theoretical thematic analysis to show the influence of the Australian rural context on the use of the evidence in the policy making process for the 
prevention of IHD. 
Stages of evidence use 
(Dobrow et al,2004) 
Conceptual Framework For Understanding issues in Rural and Remote Health (Bourke et al,2012) 
Rural locale Geographical isolation Health responses Broader Health 
systems 
Broader social systems Power 
Stage 1: Introduction to 
the evidence (issues 
related to the 
identification, access 
and availability of the 
scientific evidence) 
Current culture within 
LG is to focus on SDOH 
as a whole, so not 
looking at IHD, or 
accessing evidence. 
HL: - plenty of access to 
the evidence at this 
level, however they 
acknowledge how the 
influence of the rural 
locale can mean that 
there is reduced 
pressure for the 
formulation of 
evidence-based policy 
for IHD prevention. 
LG increased distance 
from metro areas 
means less resources 
and skilled staff in 
terms of being able to 
access high quality 
evidence. As distance 
increases- there is less 
access to scientifically 
skilled staff. 
HL: not really 
influenced as more 
resources and often 
based in bigger centres 
with more staffing (e.g. 
Canberra), but agree 
that geography has 
direct effect on LG’s 
ability to access 
evidence. 
LG: Health services 
viewed as having the 
main role in accessing 
scientific evidence to 
inform specific policy 
on health conditions, 
not the LG. Also viewed 
as more likely to have 
adequate staff and 
resources to do so. 
HL: LG should play an 
active role in 
prevention of diseases 
and include disease 
specific policy. 
LG: Inadequate funding 
from the higher levels 
of government and 
funding bodies mean 
there are not enough 
resources to be able to 
afford access to 
scientific data bases 
and adequately trained 
staff.  
HL: enough resources 
to access the evidence/ 
consult with experts/ 
NGO’s etc. at national 
level. 
LG: Overall lower 
education levels in a 
rural community, 
means people in the 
community may be less 
concerned with 
diseases like heart 
disease, and therefore 
staff working at LG may 
feel less pressure to be 
sourcing high quality 
scientific evidence to 
justify actions. 
HL: Higher education 
levels of personnel 
working at HL mean 
evidence is more easily 
accessible. 
LG: predictable voting 
patterns in rural areas 
mean less political 
pressure and therefore 
access to the evidence. 
Communities have 
power when they use 
community 
consultation to create 
pressure of prioritising 
issues, not always in 
favour of IHD related 
action. 
HL: power of NGO’s and 
highly educated policy 
advocates who have 
adequate resources and 
access to scientific 
evidence for policy 
creates power at higher 
levels to advocate for 
changes to improve IHD 
outcomes in rural areas. 
Stage 2: Interpretation 
of the evidence ( 
includes the synthesis, 
evaluation and 
assessment of the 
generalisability of the 
evidence to policy 
making/decisions) 
LG: Culture/social 
norms within the 
community don’t 
always align with the 
evidence, therefore 
evidence is interpreted 
as less relevant by 
policy makers who 
LG: Research based in 
metro areas not 
interpreted to be 
appropriate as doesn’t 
account for the impact 
of physical spatial 
differences. There is the 
view that data would 
LG: Collaboration with 
local health services are 
more likely, therefore 
can change views of 
scientific evidence and 
applicability to policy. 
LG: As above, access is 
affected by inadequate 
funding, which means 
there is not sufficient 
time for policy maker’s 
to be able to analyse 
and make assessments 
about the evidence and 
As above, access to the 
evidence, and 
education levels in rural 
communities interact 
with the demand 
adequate resources and 
pressure to analyse it’s 
LG: Councillors views of 
an issue, such as heart 
disease can 
dramatically affect how 
the interpretation of 
scientific evidence and 
therefore they control 
the power of the 
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interact with the rural 
locale. 
HL: Culture within 
advocacy team can 
affect if the evidence is 
interpreted as relevant 
to rural areas or not. 
Agreeance with LG that 
if the local community 
see’s evidence as 
irrelevant, then it’s 
acceptable to disregard 
its use. 
need to be small area 
level from rural 
communities to be 
applicable to policy. 
HL: Conflicted views, 
some agree with LG 
view in that geography 
means less likely to 
have scientific staff, but 
other participants feel 
that data can be 
generalised at larger 
levels than the current 
perception of needing 
community specific 
data. 
its relevance to policy. 




evidence accurately due 
to a lack of time and 
professional 
development funds. 
HL: As above, there 
appears to be sufficient 
resources to encourage 
adequate access and 
interpretation of the 
evidence, but more 
focus on cancer in 
terms of funding for 
specific diseases. 
suitability for policy or 
action around IHD. 
HL: Current 
interpretations of 
evidence suggest that 
there is no evidence-
based solution to 
overcoming SDOH 
related issues in the 
rural context and how 
this could improve the 
burden of IHD. 
influence of evidence 
over policy. 
HL: As above, higher 
level decision makers 
such as state or federal 
politicians, like 
councillors, have the 
power to interpret even 
the most rigorous 
evidence on IHD in rural 
areas as invalid in the 
policy space. Rural 
communities have less 
power due to smaller 
population numbers 
and conservative voting 
patterns.   
Stage 3: Application of 
the evidence (the 
evidence is applied and 
used to justify a policy 
related action/decision) 
LG: Scientific evidence 
is rarely used to justify 
policy or programs and 
especially in terms of 
the prevention of IHD. 
HL: rural locale not 
mentioned as 
specifically changing to 
this stage, depending 
on influence of the rural 
locale at stage 1 and 2.  
Application is limited 
due to barriers at 
access and 
interpretation stages 
that are influenced by 
geographical isolation. 
HL: same as LG, 
application of evidence 
also inhibited by view 
that geography is a 
barrier in itself to 
determining solutions 
to rurality and 
emergency IHD 
treatment 
LG: As above, 
interpretation and 
application are closely 
linked. 
LG: due to broader 
health systems, many 
funding related barriers 
mean application of 
evidence is challenging.  
Evidence is applied but 
viewed as ‘the norm’ 
and doesn’t have much 
persuasive pull as 
“everyone has 
evidence” in the 
political realm for a 
variety of advocacy or 
policy proposals- power 
has a stronger 
influence. 
LG: As above, if decision 
maker’s managers in 
LG’s interpret the 
evidence to be 
inapplicable to their 
community, or if the 
issue of heart disease 
isn’t viewed as a 
priority, evidence is 
disregarded in terms of 
policy. 
The community could 
have power over this as 
they too may not 
believe in the evidence.  
HL: Evidence is applied 
in advocacy but not 
necessarily eventuating 
to policy action for rural 
areas due to differing 
political pressures. 
Abbreviations: IHD= cardiovascular disease, HL=higher level, LG= local government, NGOs= non-government organisations, SDOH= social determinants of health 
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In contrast, a senior government data analyst felt there was not a need for small area level 1 
data to support policy action in rural areas. The participant felt that despite spatial 2 
heterogeneity across rural communities, the evidence on disease burden in rural Australia 3 
would be generalizable to most of these communities and therefore should be applied to 4 
policy. 5 
“Most of the time that you can use stuff at a much higher level than people want; the 6 
exception to that is if you want to investigate where an area has put in place a particular 7 
practise.”-Senior Government Data Analyst 8 
The next quote captures the influence of a rural locale over the interpretation of scientific 9 
data. Anecdotal stories from the community are seen as ‘real data’ that is relevant to them, 10 
when compared to scientific studies: 11 
 “I would probably say case studies are a good one…because they’re real life studies, usually. 12 
It’s real data. It focuses on a specific… like, a lot of time, a case study might focus on a 13 
specific group of people, or a specific person. It’s a case study about their experiences and 14 
the outcomes, and those sort of things”- Director of Community Services responsible for 15 
health policy formulation 16 
HL participants agreed that the rural context has strong influence over the interpretation of 17 
the evidence within policy teams. There was agreement with the LG that evidence had to be 18 
palatable to the rural locale involved, and that people working in rural environments with 19 
access to context-specific evidence were in a position to develop more innovative and 20 
potentially effective responses.  21 
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 “I think that often, some of the best new pilots, and looking at things to do differently come 22 
from local people who’ve put the effort in to get that evidence – as opposed to ideas that 23 
come out of Melbourne from the departments.” –State Member of Parliament (rural 24 
electorate) 25 
Stage 3: Application 26 
Due to barriers related to the rural locale, such as the lack of pressure to access and use the 27 
evidence in justifying policy around IHD prevention, application of the scientific evidence 28 
was viewed as rare, and in some cases had not been used at all at the local level. 29 
“It hasn’t happened before” -Social Planner and Health Policy Writer 30 
At the higher level, one participant suggested that the current system within LG should 31 
change to align with the evidence around IHD and despite the effect of the rural locale, be 32 
applying evidenced-based policy and taking direct action that is less general and more 33 
disease specific.  34 
“Well there is a kind of wishy-washy school of health promotion that thinks we shouldn't 35 
mention diseases.  It seems to me a bizarre notion.” – Senior National Policy Advisor  36 
One participant felt that the rural locale held back communities from being seen as a 37 
political priority because rural populations were generally predictable voters; which relates 38 
back to culture, social norms and social rules within rural communities. Without political 39 
focus on the issue there would be less motivation to generate and apply the scientific 40 
evidence to the policy, if no policy was likely to form in the first place. 41 
“I don't think rural health is a - is an electoral agenda at all.  And - and the - and the raw 42 
calculus of it is that you, you know, most rural areas vote conservatively and so, again, you 43 
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know, if that seat's not within - if you're polling and it tells you that the swing - the swing is 44 
on or it's too tight, then do what you have to hold it, but, geez, don't - don't go wasting time 45 
and money and resources in a seat that's already safe.”-National Senior Policy Advisor 46 
On a similar theme to the quote above, another participant acknowledged how the 47 
characteristics of rural communities also did not encourage evidence based policy 48 
generation in these areas, due to little direction or knowledge of adequate evidence based 49 
solutions: 50 
“We find that people in rural areas tend to have lower incomes, have lower levels of 51 
educational attainment…… and no one's really nailed it in terms of how you can sort of level 52 
the playing field for rural and remote populations versus urban populations.”- Senior 53 
National Policy Advisor 54 
Broader Health Systems 55 
The influence of the broader health system was evident in the participants’ responses about 56 
the use of evidence in policy relating to IHD prevention in rural areas, predominantly in 57 
relation to a lack of funding and resources to generate evidence-based policy. 58 
Stage 1: Introduction 59 
The ability of policy makers working at LG level to access the scientific evidence in rural 60 
areas was limited by a lack of resources and funding specific to reduced/ or no access to 61 
scientific databases and therefore the scientific evidence. This makes the development of 62 
rural health policy that incorporates scientific evidence specific to rural communities 63 
difficult to achieve. 64 
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“Studies are obviously like pay for - like you need to pay to access the article and stuff like 65 
that….which is a pretty massive, um, barrier for an organisation that has really low 66 
resourcing levels.” -Social Planner and Health Policy writer. 67 
At the HL, the opposite situation was observed as funding for such staff in advocacy and 68 
advisory roles did not appear to be an issue as these participants worked in larger 69 
organisations with higher levels of resourcing. It was obvious to participants at the HL that 70 
the rural LG policy makers were under-funded and under-resourced in terms of being able 71 
to access evidence, and one HL policy maker agreed: 72 
“if the political process is what allocates resources for the management, care and prevention 73 
of heart disease in rural areas, then you work backwards and go, "Well, why isn't there?  74 
Why isn't there more funding, more resources, you know, um, you know, a better 75 
workforce?"- National Senior Policy Advisor 76 
Stage 2: Interpretation 77 
As well as having limited or no access to scientific literature, there were also no identified 78 
funding mechanisms for staff to interpret and analyse the evidence related to IHD 79 
prevention in rural areas. Due to the lack of funding around training and support, LG 80 
participants felt low confidence in interpreting the evidence accurately. When asked if they 81 
felt confident interpreting the scientific evidence one participant said: 82 
“I could be left red faced if somebody put a very scientific study in front of me”- 83 
Environmental Planner and Health Policy Writer 84 
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Again, at the HL there did not appear to be barriers to interpreting the evidence, especially 85 
in regards to funding and resources to develop advocacy or policies that incorporated 86 
scientific evidence. 87 
Stage 3: Application 88 
Application of the evidence was reduced by the influence of broader health systems at LG, 89 
however this was not a prominent issue at HL. There was potential for broader health 90 
systems to contribute to improving access to evidence on IHD in rural areas for LG 91 
participants. One participant suggested that there was a lack of data sharing and an 92 
improved system to encourage better data keeping and streamlined data collection 93 
between local governments and health services could assist with the generation of rural-94 
specific scientific evidence on issues such as IHD. Generation of such evidence would be 95 
viewed as more applicable to their work as it would account for heterogeneity between 96 
rural areas. 97 
“We’ve just got an extraordinary amount of information.  The problem is, is that I don't 98 
know what the local hospital has got.  They don't know what the shire has got.  They don't 99 
know what the community health service has?” – Community Services Director and Health 100 
Policy Writer  101 
Power 102 
Examples of power influencing each stage of the evidence use process were evident in this 103 
study, and are summarised together due to the closeness of the rural context interactions at 104 
each stage. 105 
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At LG, rural communities demonstrate power through participating in the community 106 
consultation processes. Policy makers at the LG felt that community consultation was more 107 
of a priority than using scientific evidence, as the issue had to be marketable to their local 108 
community. Views within the community collectively have the power to inhibit the use of 109 
scientific evidence, and especially around accessing evidence on the issue of preventing IHD. 110 
The following quote captures the perspectives of the participant in feeling that the evidence 111 
is not necessarily worth accessing if the community decides that the issue is not one of 112 
concern. 113 
“How do you market the issue?  If you're saying we have a death rate higher from heart 114 
disease than most other townships, people are going to say, "Well, I'm not old yet so it 115 
doesn't impact on me."…..But if we're talking about obesity …..You don't see a heart ready to 116 
have a heart attack in the street.”-Local Government Health policy writer 117 
Participants at LG did however feel they could have the power to take actions and develop 118 
evidence-based policy to reduce the burden of IHD in rural areas. 119 
“I think local government has the opportunity to have a big impact over the longer term.”- 120 
Health policy developer 121 
At the HL, politicians were viewed as having significant power over the interpretation and 122 
application of evidence in policy in rural areas. Participants shared the view that regularly, 123 
despite the best available evidence and advocacy around heart disease, rural communities 124 
missed out due to the influence of power in political circles. This participant sums up how 125 
power in politics has a big influence over how the evidence is accessed, interpreted and 126 
applied, and in this quote implied that evidence has little power at all.  127 
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“Academics and political scientists may as well be talking about the lifecycles of 128 
grasshoppers for all the influence it has in a prime minister's office.”-Senior National Policy 129 
Advisor 130 
There was discussion around a lack of power for politicians who do have a personal 131 
background in rural health, and despite having extensive knowledge of rural health issues 132 
and barriers to reducing the IHD burden, still had very little power to create change within 133 
the current political environment.  134 
“I just don't think she’s [Federal Member of Parliament] ever been given any resources to do 135 
anything.  Nor is it filling the mail bags as they say. People are not filling MP's mailbags 136 
saying, "Look, we've got a higher rate of this that and the next thing in rural areas and we 137 
ought to do something about it…” At the higher policy level there's at best inertia and at 138 
worst vested interests at work which are operating against the things which would have - 139 
would be bringing benefit to rural areas in terms of reducing the heart attack rates, i.e. 140 
preventative activities”- Senior National Policy Advisor 141 
Power in rural areas, in a political sense, was also perceived to be reducing over time as 142 
metropolitan areas were expanding, creating stronger centres of power in capital cities. This 143 
therefore would reduce the likelihood of a government focus on rural health and the 144 
development of evidence-based policy to reduce IHD in rural Australia. 145 
“We lost one seat – one country seat – in country Victoria. So as a result, we’ve got one 146 
fewer, one less voice in parliament that’s advocating for investment in rural health, for 147 




Main findings 151 
This research set out to understand the perceptions of rural policy makers on the use of 152 
evidence in their efforts to set policy to reduce heart disease in rural and remote 153 
populations. The rural Australian context appears to be a key variable reducing the 154 
likelihood of the development of evidence-based policy to reduce the high burden of IHD 155 
experienced by rural communities. The data collected here suggest that the lack of 156 
resources available to rural policy makers prevent meaningful use of scientific evidence in 157 
policy making. Specifically, lack of access to data relevant to their community, social norms 158 
within the rural locale, limited funding and lack of skilled staff in rural settings have inhibited 159 
their ability to apply scientific evidence to the policy making process. 160 
At a national level the resources to support rural and remote health allow for the rapid 161 
creation of evidence briefs and background summaries to support policy making at national 162 
and state level. However, political processes and the perceived lack of power of rural 163 
populations in parliament mean that focus on the specific needs of rural populations the 164 
adoption of scientific evidence-based policy is limited at the federal level.  165 
This study used a purposive sampling approach to identify key people in rural policy making 166 
and seek their perspectives on the role of evidence in rural policy making. We applied a 167 
snowball sampling approach(27) whereby those in a role or with experience relevant to the 168 
study question were invited to participate. A significant strength of this study is that this 169 
recruitment process resulted in a very informed sample and a second strength is that all key 170 
informants approached agreed to participate. 171 
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This is the first study to interview rural policy makers with a heart disease focus at all three 172 
levels of government and this has demonstrated a fundamental difference in perspective 173 
and approach between the State/ Federal level of government and the local rural level. The 174 
application of the rural health framework (21) in conjunction with the context-based 175 
evidence-based decision making framework (15) is also novel and this has helped to 176 
explicate the key aspects of evidence use in rural policy notably the role of context, resource 177 
and skill mix. 178 
A potential limitation of this study is that the sampling approach relied on the potential key 179 
informant being accessible on the internet in the first instance, and recall of their colleagues 180 
skill set or experience in the case of the snowball sampling. The rural informants to this 181 
study were Victorian based and this may limit the generalisability of these findings to others 182 
states of Australia. Indeed, the policy context would be different in other states; of the eight 183 
Australian states and territories only New South Wales is similarly mandated as Victoria to 184 
create health and wellbeing plans at a local government level. Replication of this work in 185 
other states and territories might expect to find far fewer people working in rural IHD health 186 
policy with perhaps even fewer resources at their command. 187 
Application of the conceptual framework for understanding rural health has demonstrated 188 
how the rural context affects the policy making process. A possible reason that current 189 
health policy is not meeting the needs of rural Australians emerged in the perspectives of 190 
higher level government participants. The majority of respondents suggested that reduced 191 
political power in rural areas makes effective and specific rural health policy a low political 192 
priority. Participants perceived that political pressure is lacking from rural Australia and 193 
therefore politics is becoming increasingly ‘metro-centric’ in part due to expanding urban 194 
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populations, which is also echoed in the Australian literature (10, 21). Based on the 195 
participants’ views, persistent inequities in the burden of heart disease in rural Australia 196 
could be considered through the theoretical lens of the ‘political economy theory’ (30, 31). 197 
This presents the view that health inequalities in affluent societies (such as Australia) may 198 
be an outcome of ‘the social and politically mediated exclusion from material resources’, as 199 
described by the theme ‘broader social structures’ (30). For example, the allocation of 200 
material resources (adequate training for staff to produce appropriate evidence based 201 
health policy) to rural populations is a major implication for the potential to reduce IHD in 202 
rural Australia, or preventable diseases as whole. 203 
Rural Australia is no exception to observations in the current international literature that 204 
evidence is only a small influence on the decision making processes, with many other factors 205 
having more dominant influence, such as political pressures (15, 18, 20, 32). A systematic 206 
review of the use of scientific evidence in international health policy also found similar 207 
results to those described here including multiple barriers to the use of scientific evidence 208 
such as perceptions of the relevance of the evidence and decision making cultures (33).  209 
The most recent rural specific policy in Australia is the National Framework for Rural and 210 
Remote Health (2011) (9), which set a vision that rural and metropolitan Australians will 211 
achieve equal health status. The framework document acknowledges there is less public 212 
funding allocated to rural health care resources when compared to metropolitan areas, 213 
despite rural health services being more expensive to operate(9). This has left the rural 214 
health sector largely under-resourced, creating a larger barrier to improving health 215 
outcomes for rural populations (9). As an example of the difficulty, the Victorian Municipal 216 
Health and Wellbeing Plan (MHWP) represents the  legislative requirement under the Public 217 
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Health and Wellbeing Act (2008) at local government level in Victoria, Australia (28). Despite 218 
the well-known funding and health outcome inequities, rural or regional communities are 219 
not considered as a community of need, nor identified directly, in this legislation. 220 
221 
Implications and future questions 222 
This study found clear evidence that the quality and specificity of the data available to the 223 
rural health services was a barrier to the use of policy. Whether real or perceived, the lack 224 
of applicable local and rural data is inhibiting the use of evidence of evidence in policy 225 
making. To overcome this there is a need for routine, high quality local health data and 226 
subsequent analyses which are sensitive to the needs of the local community and collected 227 
with the goal of evidence informed policy in mind. 228 
We observed a significant gap in the use of evidence in rural health policy making which is 229 
supported by research with similar findings in other fields. For example a study by Vujcich et 230 
al (20) that investigated the use of evidence in policy decisions around reducing  Aboriginal 231 
tobacco smoking rates also found that there were many other factors that influenced 232 
decisions around policy, and that high quality scientific evidence was not always perceived 233 
to be accessible to policy makers. 234 
Future health policy research needs to be sensitive to the nuance of the rural location and 235 
understand the role of context in the making and implementation of policy for IHD 236 
prevention. Further work is needed to understand why evidence is not explicitly 237 
incorporated into policy, through the lens of ‘rural locale’ provided by the conceptual 238 
framework for understanding rural and remote health. Further research into the views of 239 
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rural communities on the need for evidence-based rural health policy would also offer rich 240 
insights into the policy process, as the participants in this study cited community stores and 241 
perceptions to be more powerful than scientific evidence when influencing policy decisions 242 
at the local level. 243 
Reform of the Public Health and Wellbeing Act (2008) to include considerations for rurality, 244 
could indeed be beneficial in assisting local rural governments to improve the poorer health 245 
outcomes experienced by rural communities, and would assist with the recognition that 246 
there is a unique rural distinction in policy making, as acknowledged within the conceptual 247 
framework for context based evidence-based decision making (15).  248 
Conclusions 249 
Despite large advances in heart disease prevention globally this remains a key area of 250 
inequality between urban and rural dwelling Australians. The use of scientific evidence in 251 
health policy is influenced by multiple factors which is recognised on an international scale, 252 
and our findings show that the rural context leads to conditions which constrain the ability 253 
of the Australian government to focus on these inequalities and subsequently to apply 254 
evidence to their efforts in prevention. If these contextual inequalities are not addressed, 255 
the inequities in morbidity and mortality will persist for future rural-dwelling communities. 256 
257 
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Table 2: Summary of the six categories of the Conceptual Framework for Understanding Rural and 
Remote Health (Bourke et al., 2012) 
Framework 
category 
Summary of rural concept 
Rural locale Acknowledges the complex interplay between social relations, social capital, 
culture and country on influencing health outcomes within a geographical 
rural area. For example, strong social norms within a rural community 
regularly exist and can ultimately influence the health of that community. 
Geographical 
isolation 
Refers to spatial/physical distance, such as the distance of a rural locale to 
services. 
Health responses 
in the rural locale 




Broader health systems refers to how rural health systems are influenced by 




Multiple structures at societal level interplay with the rural locale, 
geographical isolation and health systems to contribute to the current 
situation in rural health (such as political pressures). 
Power Power is both an enabler and inhibitor to change and progression within rural 
health, and it interacts at all levels of the framework, from the rural locale, to 
broader social structures influencing the health outcomes of rural Australians. 
Other Click here to access/download;Figure;Table 2.docx
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Table 3:  Summary of the three stages of evidence use as outlined by Conceptual Framework for 
Context-Based Evidence-Based-Policy Decision Making (Dobrow et al., 2004) 
Stage of evidence use in 
decision making 
Summary of concept 
Introduction Issues relating to the identification, accessibility, availability and 
rate of transmission of evidence. 
Interpretation This stage describes activities relating to the synthesis, 
evaluation and assessment of generalisability/ appropriateness 
of the use of evidence to the policy decision/action 
Application Final step in evidence based policy making where evidence is 
directly used to justify or determine a policy action/design 
Other Click here to access/download;Figure;Table 3.docx
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CHAPTER 10:  DISCUSSION 
10.1 Introduction 
The main findings for each of the five studies of this thesis are discussed 
below in response to each of the seven research questions, however 
aspects included in the discussion of each of the five manuscripts are 
avoided to minimise repetition. Following from the main findings, 
strengths and limitations of the overall thesis are discussed, along with 
contribution to knowledge, implications for policy and future research 
and unanswered questions. 
10.2 Main findings by research question 
Study 1 
10.2.1 RQ 1. How does the burden of IHD vary according to remoteness in 
Australia? 
10.1.2. RQ 2. What are the socio-demographic characteristics or behaviours 
associated with any observed inequalities? 
Study 1 is detailed in chapter 5 and addressed RQ1 and RQ2 of this thesis. 
This study summarised the current evidence and identified gaps in the 
literature around the increased burden of IHD in rural Australia. The 
study identified that although the overall pattern of increased IHD burden 
in rural areas is clear, it is difficult to determine many of the specific 
details of how the IHD burden varies by remoteness in Australia. The 
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literature does not provide complete coverage of investigations in all 
states and territories, or across communities, and uses a wide variety of 
definitions and weak sampling and study designs. 
The majority of included studies of IHD burden were in rural New South 
Wales, with none in Tasmania and one in Queensland  despite the fact that 
both states contain large areas that are classified as regional or remote 
(17). Despite incomplete surveillance of all rural populations in Australia, 
there is evidence that the burden of IHD clearly varies by remoteness.  
The grey literature and relevant reports published by the Australian 
government were not included in this review, and offer further insight 
into the IHD burden in rural areas.  The grey literature has similar 
limitations to the published literature. The AIHW and ABS are the main 
population data custodians in Australia and both report on health 
indicators, social determinants of health and mortality by remoteness, but 
reports are not always regular or consistent in the reporting of outcomes 
or trends by rurality (171). For example, the ABS ‘Australian social trends’ 
report series is released on an annual basis, and presents data on risk 
factor levels and the social determinants of health at a population level, 
but does not routinely stratify by remoteness. The most recent social 
trends report to focus on rural Australia was released in 2011, and this 
report used data from the 2007-08 National Health Survey , combined 
with  national mortality data from the same timeframe (172). The 2011 
report also did not include analysis of very remote areas, due to lack of 
sampling by the AHS. 
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The AIHW has released more recent reports than the ABS, summarising 
health data from rural and remote areas. The most recent report was 
released in 2017, which provided an overview of risk factor data from the 
AHS data from 2014-15, and mortality data from the National Mortality 
Database, by rurality (171). The AIHW reports that their rural health data 
releases are limited by gaps in the availability of modifiable risk factor 
data collection across rural and remote areas, especially at the local area 
level (171). In terms of mortality data, the AIHW’s National Mortality 
database provides detailed data on deaths by remoteness from a variety 
of conditions including IHD, however the data on mortality trends for all 
causes, preceding 2012 have reduced comparability due to significant 
changes in how remoteness areas have been defined over time (173). This 
translates to a lack of mortality trends data for rural Australia which is a 
significant gap in knowledge when compared to metropolitan trends (171).  
Studies looking at the burden of IHD by rurality, identified in the review 
did not include empirical data to examine why differences exist between 
rural and metropolitan populations, and this is consistent with reporting 
from the grey literature. Reports on rural health by the AIHW and ABS, 
include speculations about reasons for inequalities and these are not 
supported by empirical data (5). Identifying the evidence on the IHD 
mortality gap, and a lack of empirical data to support reasons for the 
disparity between rural and metropolitan areas, set the scene for further 
analysis of published studies attempting to address the observed IHD 




11.2.3 RQ 3. What interventions have been conducted for primary and 
secondary prevention of heart disease among rural Australian 
populations that have been published in the peer reviewed literature? 
 
10.2.4 RQ 4. Have these prevention strategies been effective at preventing 
heart disease or reducing risk factors among rural Australians, 
therefore reducing the disparity? 
 
This systematic review identified only eight studies with specific focus on 
either primary or secondary interventions to reduce IHD in rural 
Australia. Only two of these studies were published in the 10 years 
leading up to the search.  
The majority of intervention studies were conducted in inner regional 
areas (n=5), with fewer in outer regional areas, one in a remote area and 
none in very remote areas. Given the wide variation in infrastructure, 
socio-economic conditions and healthcare costs across the range of 
regional and remote areas, it is likely that the evidence from inner 
regional areas has limited applicability to outer regional and especially 
remote and very remote Australia. The IHD burden is known to increase 
by remoteness (5), yet the availability of well-evaluated and published 
intervention studies in these areas decreases with increasing remoteness. 
This thesis demonstrates that there are very few relevant published IHD 
intervention studies, yet there are several other sources of evidence that 
may contribute to our understanding of effective interventions to reduce 
IHD and related risk factors in rural populations that were ineligible for 
inclusion in the review. These include programs implemented outside of 
the academic setting (i.e. initiated and implemented by health services) 
which are not published, interventions that focus on broader CVD or risk 
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factor prevention, and studies that have included rural populations in 
their recruitment, but did not present results by rurality.  
Health services in rural areas are acknowledged by federal and state 
health policy in Australia to have a strong leadership role in promoting 
health in their communities(128, 174). An example would be through 
activities such as health promotion projects that may contribute to the 
prevention of NCDs in rural areas (128, 174). Victoria has health policy that 
acknowledges the role of the local government and local health services in 
preventing NCDs across the state in the Victorian Public Health and 
Wellbeing plan 2015-2019 (174). The policy recommends that local 
governments and health services to work together on setting priorities in 
their communities and developing projects to reduce NCD related risk 
factors, for example alcohol awareness programs and smoking cessation 
support services (174). Despite the potential for programs run within 
health services and local governments to contribute to the reduction in 
IHD risk factors in rural areas, it is difficult to assess the effectiveness of 
these programs as the evaluations are either not conducted or don’t 
include rigorous methods, or are not released publicly. Outcomes tend to 
be reported directly to the State Government who do not publish local 
level evaluation data from health services (175).  
The results of study 2 were consistent with the findings of study 1 in that 
both studies demonstrated a lack of equality in the coverage of relevant 
CVD and IHD epidemiology, intervention and implementation research 
across remoteness areas in Australia. The limited evidence shows that 
223 
  
intervention studies have shown promise in reducing risk factors, and 
need to be tailored to the needs of the rural communities.  
 
In light of the finding that there is limited evidence on risk factors and 
effective intervention strategies to reduce IHD in rural areas, current 
policy and preventative actions in rural areas have to date, been based on 
limited scientific evidence. This may in part explain why there are few 
published intervention studies specifically targeting IHD in rural areas. 
This key finding provides the rationale for study 3. 
Study 3 
10.2.5 RQ 5. What is the role of modifiable risk factors in the differences in IHD 
mortality between rural and metropolitan populations in Australia? 
 
This thesis has identified, for the first time, that there is very limited 
empirical data on the determinants of rural inequalities in IHD mortality 
burden. The reasons given for rural and metropolitan Australians 
experiencing different levels of IHD burden in the identified studies was 
generally limited to post-hoc speculations that were not investigated 
analytically, and this thesis identified a need for evidence on the role of 
modifiable risk factors in this inequality. This study found that one third 
of the mortality gap between rural and metropolitan areas can be 
explained by differences in modifiable risk factors, such as dietary intake, 
physical activity, smoking and high BMI, with differences observed 
between males and females. These findings are broadly similar to the 
findings of the research from the Multinational Monitoring of Trends and 
Determinants of Cardiovascular disease (MONICA) project, that showed 
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modifiable risk factors alone, such as poor diet and smoking, contribute to 
variations in mortality across different populations. One study estimated 
poor diet (including high consumption of meat and convenience foods) to 
contribute to an increased the risk of IHD mortality by around 30% poor 
diet score was associated with CHD risk hazard ratio of 1.33, (95% 
confidence interval: 1.06-1.67, P=0.013)(176, 177).  
The majority of individual risk factors were less favourable in rural areas, 
except for vegetable intakes which were almost 10% higher than 
metropolitan areas, equating to one quarter of an additional vegetable 
serve per day in rural people. In absolute terms, this would seem small, 
but there is significant research to show that any increase in vegetable 
intake has substantial overall health benefits (178). Intake estimates across 
all groups were still well below public health recommendations of 5 
serves/day, with the averages for both populations being around half of 
the recommended intake level. 
This study provides evidence that for modifiable risk factors, policy 
priorities and future interventions should focus on targeting obesity and 
smoking in rural areas when trying to reduce the disparities in IHD 
burden between rural and metropolitan populations. Further 
investigations are needed to determine other priority areas, unrelated to 
the risk factors included in this analysis, as the modelling analysis showed 
that more than 60% of the observed mortality gap is not due to these 
modifiable behavioural risk factors, and could be due to issues such as 
health service access, quality of care and treatment,socio-economic status, 
isolation, or potentially other unexplored factors. There is evidence to 
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show that there are differences in access to quality and evidence-based 
treatment and medication for IHD in rural Australia, which is also likely to 
be a factor in the remaining 60% mortality gap and requires further 
investigation (179, 180).The findings of this section provide the rationale for 
investigating the potential for reductions in CVD and IHD mortality under 
an ‘ideal’ scenario in study 4, where individuals in both rural and 
metropolitan Australia were able to meet public health recommendations 
for diet, alcohol, physical activity and smoking. 
Study 4 
10.2.6 RQ 6.  What is the number of deaths from IHD that could be avoided in 
both rural and metropolitan Australia if public health recommendations for 
major risk factors were met? 
 
The modelling in this thesis, shows that for the first time, if metropolitan 
and rural Australians met recommendations for diet, alcohol intake, and 
physical activity and if all current smokers quit; then the proportion of 
deaths averted from CVD and IHD would be substantial, but comparable 
between rural and metropolitan populations (40% reduction from 
baseline).Meeting recommendations for fat and salt intakes would lead to 
a significantly higher proportion of CVD and IHD deaths saved in rural 
areas and conversely, significantly more deaths would be saved in 
metropolitan areas from meeting recommendations for fruit and 
vegetable serves, fibre intake and alcohol consumption . This provides 
evidence that priorities for targeting CVD and IHD risk factors should 
differ between rural and metropolitan Australia.  It is possible that the 
results of the modelling studies under-estimate the potential for CVD 
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prevention due to limitations of the model, and the exclusion of trans-fats 
and sugars that are linked to increased CVD risk (96, 181) .  
This thesis includes two studies that show the role of risk factors in the 
differences in IHD between metro and rural areas which provide evidence 
for appropriate targets for policy and preventative action in rural areas, 
such as reducing obesity and smoking rates. Generating new evidence on 
the role of risk factors, led to the qualitative enquiry in study 5, which 
investigated whether policy makers working in rural health policy refer to 
scientific evidence on IHD and CVD burden when making decisions 
around policy design and implementation.   
Study 5 
10.2.7 RQ 7. What are the facilitators and barriers to the adoption and 
implementation of scientific evidence in Australian health policy in the unique 
rural context? 
 
The results of this study demonstrate that there are significant barriers 
for rural health policy makers to integrate the scientific evidence into 
health policy that could reduce IHD in rural Australia. The use of scientific 
evidence to drive policy to prevent IHD in rural areas is perceived by 
policy makers to be constrained by low resourcing, limited access to 
scientific journals, a lack of evidence that is perceived to be applicable to 
their context, and a lack of confidence in interpreting and applying the 
evidence.  Rural policy maker’s perceived the scientific evidence to be less 
relevant to rural communities and were sceptical about its 
generalisability to policy. They viewed anecdotal community stories as 
more powerful at the local level. The policy makers also suggested that 
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community consultation and views were considered more powerful than 
scientific evidence that may contradict the view of the community. 
Relying on community opinion, may lead to more votes and support for 
the local government, however may inhibit improvements in health 
outcomes if the opinions of the community are not necessarily health 
promoting. High preference for community opinion at the local 
government level may limit the potential for improvements in policy and 
uptake of the scientific evidence at the local level. Low confidence in 
accessing and interpreting the scientific evidence, cited by many of the 
local government participants may also amplify the preference for 
community opinion in determining policy design and the implementation 
of evidence-based programs. 
Policy makers acknowledged that rural populations have low political 
power in Australia which also inhibits appropriate resource allocation for 
the development of evidence-based policy that could reduce the burden of 
IHD and other NCDs in rural areas. These findings are consistent with 
evidence-based policy theory that policy design and decisions are 
influenced by many other more dominant factors than the scientific 
evidence (131). This includes political environments, resources, personal 
experiences of policy makers, and the context that the policy is applicable 
to (such as the rural Australian context) (131). 
Cairney & Oliver (2017), highlight the complexity of policy-making 
systems and suggest that due to the influence of multiple other factors, 
(other than scientific evidence) researchers need to consider ways of 
engaging more effectively in the policy making process(130). For example, 
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they recommend scientists consider crafting their highly complex 
scientific work into simplified stories and powerful arguments to capture 
the attention of policy makers (130). As the findings of this thesis show, 
rural policy makers felt that relatable ‘stories’ from the community were 
more powerful in influencing policy decisions, over studies published in 
scientific journals.  Cairney & Oliver discuss it may be possible for 
researchers to act as influencers through generating simple stories from 
their evidence, just as the community members do. This would involve 
creating emotional, and persuasive stories generated from the scientific 
evidence. They caution that, due to the discipline of scientific research, 
that researchers engaging as policy actors or ‘influencers’ need to 
consider their reputation from generating emotive policy arguments and 
weigh up the potential policy benefit (130).  
10.3 Strengths and Limitations of this overall thesis  
 
This thesis contributes new and significant evidence in relation to the 
inequitable burden of IHD observed in rural Australians, when compared 
to their metropolitan counterparts. The range of data sources and 
techniques applied in the five studies provided an in-depth summary of 
the evidence, new empirical evidence on modifiable risk factors and a 
qualitative investigation of the use of scientific evidence in policy practice,  
with overall findings that contribute to knowledge that is needed for 
substantial improvements in the health status of rural Australians.   
The research methods used in each section are validated, and have 
undergone further external peer review to ensure that it is of high 
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research quality. This thesis also includes two studies that present the 
first ever analysis using the PRIME model, with Australian data.  
This thesis took a relatively narrow view of the rural and metropolitan 
disparity with a specific focus on IHD, which means results may not be 
readily generalizable to other NCDs. Even within CVD there are a number 
of less prevalent conditions with different clinical and risk factor profiles. 
That being said, the relatively high burden of IHD warrants specific 
investigation, separate from other NCDs. For studies 3 & 4, CVD was 
included in the PRIME model analysis as there is still insufficient evidence 
on the role of risk factors in both the increased burden of IHD and overall 
CVD in rural areas. Further, both of the PRIME analyses had a focus on 
IHD and CVD only, and did not include other NCDs that would also 
experience great mortality reductions with changes in the investigated 
risk factors in rural and metropolitan Australia. 
 
10.4 Contribution to knowledge  
 
This thesis has made several new contributions to the literature around 
the extent of differences in IHD burden between rural and metropolitan 
Australia across a range of outcomes and provides a critique of all 
primary and secondary interventions targeting IHD to date in rural 
Australia.  
This research has provided evidence that there is incomplete coverage of 
the analysis of risk factors and appropriate interventions targeting IHD 
across varying levels of remoteness, and although limited, the evidence 
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does show that interventions targeting IHD risk factors can be effective at 
reducing risks in rural communities.  
Another key contribution of this thesis is the identification that there is an 
urgent need to increase evidence on interventions in rural Australia to 
enable evidence informed future policy that is designed to include or be 
specific to rural populations. The policy makers in study 5 felt that there 
was little, if no, evidence applicable to their communities and placed 
higher value on anecdotal community success stories. High quality 
evidence would need to include study designs that are robust and sample 
sizes need to be large enough to enable presentation of results by 
remoteness, and perhaps researchers could incorporate consultation with 
policy makers in the project design and planning process. This may 
increase the likelihood of such evidence being perceived as applicable to 
rural health policy. There is insufficient evidence from primary and 
secondary interventions in remote and very remote areas to make 
evidence-based recommendations on likely effective approaches to 
reducing IHD burden in these populations. Future research in remote 
areas needs to include analysis of IHD interventions such as education 
programs or changes in rural environments (such as improved healthy 
food access in rural areas, healthy food subsidies and increases in physical 
activity promoting environments) and the role of rural health services 
could play in preventing IHD in their local communities.  
This thesis includes the first ever PRIME model analysis of empirical data 
on the role of modifiable risk factors in the gap in IHD burden between 
rural and metropolitan Australia. From the PRIME model analysis, new 
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evidence was generated to support the setting of priorities for public 
health recommendation attainment in reducing the inequitable burden of 
IHD in rural areas. Critically, the analysis shows the policy priorities for 
the prevention of CVD and IHD should differ between rural and 
metropolitan areas. This rural-applicable evidence could assist policy 
makers at national level in designing campaigns to target specific risk 
factors that would provide high impact on reducing the burden of IHD in 
rural and metropolitan Australia.  
Lastly, this thesis provides new knowledge around the perceptions of 
policy makers and the use of scientific evidence in rural health policy to 
prevent IHD.  Through use of a theoretical framework qualitative analysis, 
using an interpretation of two frameworks, the Australian rural context 
was identified as a barrier to the use of scientific evidence in rural health 
policy.  
The combined five studies of this thesis provide evidence for priority 
setting around reducing the disproportionate IHD burden in rural 
Australia, including implications for future research, focus on modifiable 
risk factors and the need for change to support evidence use in policy 
design and development that could have the potential to improve rural 
health.  
 
10.6 Implications for policy and practice 
 
It is evident, in reports from Australia’s national data custodians (AIHW 
and ABS) and the peer-reviewed literature identified in study 1, that a 
barrier to addressing disparities in IHD burden in Australia is that there is 
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a lack of equal population surveillance and assessment of inequalities 
across different States, Territories and remoteness areas. This is 
particularly true for remote and very remote communities and across all 
measured IHD burden of disease outcomes. Without a complete evidence-
base it is difficult to prioritize certain areas or populations of increased 
need. This also amplifies challenges in understanding changes over time 
in rural populations as a result of interventions or changes in health 
policy. Future rural health policy should consider the need for routine 
monitoring, analysis and reporting of IHD outcomes including mortality, 
morbidity, prevalence and incidence, across all different ASGS-RA 
remoteness categories in Australia. This will assist with identifying areas 
of need, appropriate target populations and support public health 
planning. Alongside more frequent monitoring and surveillance across all 
states and territories, future surveillance needs to be designed to include 
data collection on contributing factors such as socio-economic profiles of 
rural areas, changes in risk factor levels, health service access and other 
factors of consideration that could influence variation in IHD burden 
across remoteness. 
A barrier to the implementation of targeted interventions and subsequent 
evaluation research in remote and very remote areas, alongside 
incomplete IHD burden data, is that large population health surveys, such 
as the AHS tend to have limited sampling in remote populations across 
Australia. This reduces available evidence on modifiable risk factors  that 
could drive intervention studies in these areas (116).  
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Thorough investigations into appropriate interventions for reducing IHD 
in rural areas are needed across all ASGS-RA remoteness areas across 
Australia and should also be included as a priority area in future rural 
health policy. Studies including rigorous scientific methodologies such as 
the inclusion of control groups and detailed reporting would assist with 
translation to other rural areas.  
National policy in Australia needs to focus on mandating prevention 
activities, and this new evidence on the role of modifiable risk factors in 
observed inequalities in IHD across rural areas could be used to drive 
preventative action.  For example, in USA, federal government legislation, 
the Affordable Care Act 2010, includes mandated investment in 
prevention, especially in populations that experience health inequalities 
such as those living in rural areas. The Act involved the establishment of 
the Prevention and Public Health Fund that provides funding for 
preventative activities, such as research, monitoring and interventions 
that target modifiable risk factors in rural communities, with the aim of 
reducing disparities in the burden of NCDs (182). A similar policy, initiated 
in Australia involved the creation of the Australian National Preventative 
Health Agency that would have had a similar role, yet with change of 
government in 2014, the actions of this agency were ceased (183). Without 
a specified Preventative Health agency or task force in Australia, 
increasing surveillance of rural IHD disparities and the development of 
targeted interventions that address these, will remain unlikely.  
This thesis presents new knowledge and proposes that the order of 
priorities for targeting modifiable risk factors should differ between rural 
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and metropolitan Australia, indicating a need for policy differentiation 
between rural and metropolitan areas. One example of how this could be 
operationalized would be through investment in social marketing 
campaigns targeted specifically at rural populations that focus on the 
reducing the higher fat intakes in rural areas. This would be a similar 
model to the community focused public health awareness campaigns that 
were utilized in the successful North Karelia project, outlined in chapter 2 
of this thesis. The project incorporated awareness campaigns (through 
media and changes to nutrition policy) around reducing saturated fat 
intakes, which ultimately contributed to reductions in blood cholesterol 
(76, 77) and reductions in IHD risk in the target populations (72). 
This thesis has shown that there is evidence that reduced political focus 
on rural populations has led to inadequate resourcing which has 
constrained the development of appropriate and highly effective rural 
health policy in rural Australia that could prevent IHD, and has potentially 
contributed to the disparity in health outcomes for IHD. This should be 
addressed and acknowledged by the Australian government, at all levels, 
in policy and systems in order to reduce broader inequalities in health for 
rural Australia. An example to follow could be similar to law in the U.S.A 
that mandates evidence-based preventative actions in populations 
experiencing unequal health (182).  
To create a more supportive environment that fosters the generation of 
evidence-based policy in rural areas, policy makers working in rural local 
government need more state and federal support, resources and access to 
the scientific evidence. Without federal and state investment in this area, 
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evidence informed health policy will remain unlikely in rural Australia, 
potentially contributing to persistent, and potentially widened gap in IHD 
mortality for future rural-dwelling Australians. 
Alongside mandating investment in preventative actions in vulnerable 
communities, a potential strategy could include incentives for policy 
makers to use evidence include a strong IHD (and NCDs broadly) 
prevention focus to drive the design of health policy.  A successful 
example in healthcare (treatment) is the practice of providing federally-
funded incentives to general practitioners for referring patients to allied 
health disciplines in order to better address, manage and prevent the 
progression of NCDs under the Chronic Disease Management (CDM) 
Plans, funded by Medicare in Australia (184).  The CDM plans, encourage a 
multidisciplinary approach to the best treatment for patients with chronic 
disease living in the community, and the formation of each plan results in 
financial incentives paid to the GP who initiated it (184). The incentive 
program was implemented to encourage general practitioners to utilise 
the plans, despite time constraints, for patients needing care related to 
their chronic conditions. Multidisciplinary care provided under the CDM 
plans take a preventative approach and for example could be dietetic 
advice to prevent the progression of IHD, or diabetes education to reduce 
complications associated with having diabetes (184).  
A similar model could be adopted at the population level, within the 
policy space, whereby local and state policy makers are incentivised 
federally, for ensuring policies are developed with a strong focus on 
prevention of IHD (and NCDs more broadly), in the context of their 
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communities, and guided by strong scientific evidence where available.  
This sort of structure could be implemented alongside a mandated focus 
on prevention in Australia, similar to the structure of the Affordable Care 
Act 2010 adopted by the federal government in the U.S.A (182).  
10.5 Unanswered Questions 
 
As a result of incomplete surveillance of IHD burden of disease outcomes 
across rural Australia, areas of significant need are not clearly defined, 
and this remains as an area for future research. Further, due to the 
paucity of literature around interventions that target IHD in rural areas, 
trials and investigations, with more rigorous methods (including control 
groups) are needed to understand what could potentially work in rural 
areas.  Promise is evident in the ability of interventions to reduce IHD risk 
factors, but evidence is still limited and questions remain about effective 
and feasible intervention designs to prevent IHD in rural communities. 
Further research into effective interventions targeting IHD could also 
benefit other NCDs that include common risk factors, such as smoking, 
obesity and diet related cancers, and research is needed into how such 
interventions could be integrated and specific to rural communities in 
order to promote an overall reduction in preventable disease in rural 
areas. 
This thesis identified that 38% of the IHD mortality gap between rural 
and metropolitan areas was due to modifiable risk factors, leaving 62% of 
the gap undetermined. Further research and collection of empirical data is 
needed to determine what the factors are that make up this 62% in order 
to identify appropriate solutions. In addition, questions remain around 
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how modifiable risk factors could be improved (aside from vegetable 
intakes) in rural areas to match those in metropolitan areas as this would 
be a conservative and potentially achievable change in risk factors. 
Further research is needed on how modifiable risk factors could best be 
targeted in the rural setting, to ensure future reductions in IHD burden. 
More research is needed into effective interventions that would 
effectively target obesity and smoking in rural Australia, as well as 
changes to policy that mandate focus and investment in preventative 
health interventions.   
Further modelling studies, using PRIME (146) or others (160), would be 
beneficial in providing more evidence on the role of risk factors between 
rural and metropolitan Australia. For example, model could be used to 
further understand primary and secondary prevention efforts that target 
IHD (160). Such research could generate evidence on the role of evidence-
based treatments, changes in cholesterol and blood pressure in the 
increased IHD burden in rural areas in Australia, particularly over time. 
Such evidence, in conjunction with evidence on dietary intake and alcohol 
consumption from the PRIME model studies included in this thesis, could 
provide a more detailed picture of the potential role of primary and 
secondary prevention of IHD in both rural and metropolitan areas. 
Further research using the PRIME model to analyse policy scenarios is 
also needed, for example, modelling a 10% decrease in price (subsidy) on 
fruit and vegetables (and the estimated 12% increase in consumption 
(185)) and the impact on avoidable CVD and IHD deaths by rurality. Studies 
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like this would also provide further evidence for the efficacy of public 
health policies in reducing inequalities in IHD burden. 
This thesis identified that the rural context constrains the use of the 
scientific evidence, however comparison with policy makers’ views and 
perceptions in metropolitan areas, could shed further light on whether or 
not differences exist between those working in metropolitan areas and 




This thesis set out to explore what the policy priorities should be to 
address the inequitable burden of IHD in rural Australia. Figure 10.1 
(below) shows a summary of how the findings translate to implications 
for reducing the IHD burden in rural Australia for the future. 
This thesis provides evidence that there are many barriers to reducing the 
disparity in IHD burden in rural Australia. These include the inadequate 
surveillance of IHD burden and associated modifiable risk factors, 
creating a discrepancy in evidence and urgency to drive preventative 
action targeting IHD in rural areas. New evidence, on the role of 
modifiable risk factors, documented in this thesis,  provides guidance for 
policy focus and targets, however, without mandates or incentives for 
rural policy makers, this evidence is unlikely to influence policy in the 
current climate where rural health policy maker’s experience many 
barriers to developing evidence based policy.  
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Significant changes are needed to reduce barriers to reducing the IHD in 
rural areas and requires policy change and investment in adequate 
monitoring, research and evaluation of interventions and incentives for 
the use of evidence to drive rural health policy focus and action.  
Figure 10.1: Summary of evidence-based policy and practice implications 



























































CHAPTER 11: CONCLUSIONS  
 
In conclusion, this thesis provides new and novel evidence for the policy 
priorities to prevent IHD and reduce the IHD burden for future rural 
Australians. There is currently incomplete coverage and monitoring of the IHD 
burden across of all states and territories in rural Australia and there is a 
paucity of evidence on successful primary and secondary interventions for the 
prevention of IHD in rural communities.  The existing, yet limited evidence 
shows that inequalities exist between rural and metropolitan Australia and 
shows promise for reducing IHD risk factors through targeted primary and 
secondary prevention programs in rural populations. 
New evidence from this thesis suggests that almost 40% of the IHD mortality 
gap between rural and metropolitan areas is due to differences in modifiable 
risk factors, leaving the reasons behind the remaining 62% of the gap largely 
unknown. In terms of risk factors, smoking and obesity were shown to be the 
major risk factors contributing to the mortality inequality observed for rural 
populations when compared to their metropolitan counterparts. The 
attainment of public health recommendations for smoking, diet and physical 
activity in Australia would also generate significant IHD mortality reductions in 
rural and metropolitan Australia. Critically, the order of prioritisation of risk 
factors for the prevention of CVD and IHD would differ between metropolitan 
and rural Australia, providing evidence that there is justification for different 
policy focus for the prevention of IHD in rural areas. 
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This thesis provides the first ever evidence to describe the perceived barriers 
to evidence-based rural health policy that could prevent IHD in rural areas, in 
the eyes of policy makers working in rural Australia. An important 
consideration for policy priorities in Australia is that the rural context 
constrains the adoption of evidence-based health policy in the form of reducing 
resourcing, a lack of rural-applicable evidence, reduced political power in rural 
areas and health perceptions of rural communities.  
If the IHD burden and inequalities are to be reduced for future rural 
Australians, policies need to prioritize accurate and comprehensive monitoring 
and evaluation of primary and secondary prevention efforts across all levels of 
remoteness, along with focussing on targeting rural obesity and smoking rates 
as major contributors to inequalities in IHD burden. Policy prioritisation must 
address the constrains of the rural context by working towards resource 
allocation and support that ensures the development of evidence based health 
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Deakin University Human Research Ethics Committee (DUHREC)
22 September, 2015
Please quote this project number in all future communications
Exemption from Ethics Review was granted for this project on 22/09/2015.
cc:






Postal: 221 Burwood Highway
Burwood Victoria 3125 Australia
Telephone 03 9251 7123
research-ethics@deakin.edu.au
This Exemption from Ethics Review is given only for the project as stated in this memo. It is your responsibility to 
contact the Human Research Ethics Unit immediately regarding any of the following:
· Any adverse events or events which might affect the continuing ethical acceptability of the project
· All modifications to the research relating to the data or records must be submitted to the Human Research
Ethics Unit for review prior to being implemented
In addition, you will be required to report on the progress of your project at least once every year and at the conclusion 
of the project. You are furthermore required to retain auditable records of the project demonstrating compliance with the 
National Statement on Ethical Conduct in Human Research  (2007) (paragraph 5.2.9) and to produce these if required.
Human Research Ethics Unit
research-ethics@deakin.edu.au
Telephone: 03 9251 7123
A.2.1
Memo 
To: Prof Steven Allender, Dr Melanie Nichols 
Population Health SRC 
From: Secretary – HEAG-H 
Faculty of Health 
CC: Laura Alston 
Date: 16 June, 2016 
Re: HEAG-H 91_2016:  The experiences of policy makers in reducing the burden of 
ischaemic heart disease in rural Australia – a qualitative study    
Approval has been given for Prof Steven Allender and Dr Melanie Nichols, of Population Health, to 
undertake this project for a period of 3 years from 16 June, 2016.   The current end date for this 
project is 16 June, 2019.  
The approval given by the Deakin University HEAG - H is given only for the project and for the period 
as stated in the approval.  It is your responsibility to contact the Secretary immediately should any of 
the following occur: 
• Serious or unexpected adverse effects on the participants
• Any proposed changes in the protocol, including extensions of time
• Any events which might affect the continuing ethical acceptability of the project
• The project is discontinued before the expected date of completion
• Modifications that have been requested by other Human Research Ethics Committees
In addition you will be required to report on the progress of your project at least once every year 
and at the conclusion of the project.   Failure to report as required will result in suspension of your 
approval to proceed with the project. 
An Annual Project Report Form can be found at:  
http://www.deakin.edu.au/hmnbs/research/ethics/ethicssubmissionprocess.php 
This should be completed and returned to the Administrative Officer to the HEAG-H, Pro-Vice 
Chancellor’s office, Faculty of Health, Burwood campus by Tuesday 15th November, 2016 and when 
the project is completed.  HEAG-H may need to audit this project as part of the requirements for 
monitoring set out in the National Statement on Ethical Conduct in Human Research (2007).   
Good luck with the project! 
CRICOS Provider Code: 00113B 
 Human Ethics Advisory Group, Faculty of Health,  
Melbourne Burwood Campus, 221 Burwood Highway, Burwood, VIC 3125 
Tel 03 9251 7174,  email health-ethics@deakin.edu.au  www.deakin.edu.au 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM
TO:  Participants, 
Plain Language Statement 
Date: May 2017 
Full project title: The experiences of policy makers in reducing the burden of ischaemic heart 
disease in rural Australia-a qualitative study.  
Principal Researcher: Steven Allender, Melanie Nichols 
Student Researcher: Laura Alston 
We would like to invite you to participate in our study, titled: ‘The experiences of policy 
makers in reducing the burden of ischaemic heart disease in rural Australia-a qualitative 
study’.  
Thank you for taking the time to read the plain language statement for this study. We 
obtained your contact details through publicly available information on government 
department websites, and thank you for responding to our request to participate in this 
study. 
The purpose of this research is to gain understanding into your perspectives and experiences 
with policy aimed at reducing heart disease in rural areas of Australia.  This may help us to 
understand ways to improve rural health policy for the future. It may also assist us, as 
researchers, to understand how we can assist and support you in the policy making process.  
This study consists of a qualitative design, where each participant will be asked to answer a 
set of interview questions and offer any further comments or suggestions on the topic. The 
interviews will be recorded, and the researcher will take notes during the interview. This 
data will then be de-identified, that is, your name and any other potentially identifying 
details will be removed from the data, so your answers can become anonymous in the 
analysis and presentation of the data. Data from all interviews will then be analysed by a 
researcher, and this will be written up as a research report for potential publication. 
Participation will involve one interview, either in person or over the phone. A follow up 
phone call will be made 1-2 months after the interview, to check your answers, and to 
ensure that you are satisfied with the information that researcher has collected from you are 
correct.  
Participation in this research is not expected to pose any risk to you, aside from any 
inconvenience associated with the time to participate in the interview (up to one hour).  In 
addition, to prevent you from feeling concern that there is potential for your answers to be 
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misinterpreted by the researcher, the researcher will phoning you 1-2 months post interview 
to check you are happy with the answers recorded at the time of the interview.  
Potential benefits for you include an opportunity to voice your opinions and perspectives on 
this issue in a confidential manner. 
This research may have benefits to the wider community, by contributing to knowledge 
around policy makers’ experiences, perspectives and the processes involved when designing 
rural health policy/interventions to reduce chronic diseases, such as heart disease in rural 
Australia. The research will also offer insight into how the scientific evidence could be better 
employed to assist policy makers, and if there are opportunities for researchers to provide 
better assistance and support in the rural health policy making process. 
Your privacy 
Dialogue collected from you during the interviews will be de-identified, and your data will be 
coded to ensure it cannot be identified by any other researchers/individuals. The data will 
also be kept in a secure, password protected program, that only the researchers involved on 
this project will have access too. No names will be used in the publication, or reporting of 
the results of this research. The data from this research will be stored securely for a 
minimum of 5 years, and will be destroyed once this timeframe has elapsed. 
Obtaining the published study 
If you wish to obtain a final copy of the research results after the completion of the study, 
you are invited to request this at any time once the research has concluded and a copy of 
the publication will be provided to you. 
Payment  
There are no payments to participants. 
Research monitoring and funding 
This is a student PhD project and is funded by a Deakin University scholarship. The research 
progress will be continually monitored through regular meetings between the student 
researcher and the supervision team. 
Alternatives to participation 
There are no alternatives to participation, however you are welcome to nominate a 
colleague who you feel may like to participate in the study.  
Withdrawal 
Participation is voluntary and you have the right to withdraw from further participation at 
any stage up until results have been published in a research journal. This can be done 
through contacting the researchers via the details below.  
Researcher Contact details 
Laura Alston 
Phone: (03) 5247 9426 
Mobile: 0411 062 834 
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Email: laura.alston@deakin.edu.au 
Complaints 
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about your rights as a research participant, then you may 
contact:   
The Manager, Ethics and Biosafety, Deakin University, 221 Burwood Highway, 
Burwood Victoria 3125, Telephone: 9251 7129, research-ethics@deakin.edu.au 
Please quote project number 91_2016. 
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 PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  Interview participants, 
Consent Form 
Date: June 2017 
Full Project Title: The experiences of policy makers in reducing the burden of ischaemic 
heart disease in rural Australia-a qualitative study. 
Reference Number: 
I have read, or have had read to me in and I understand the attached Plain Language 
Statement. 
I freely agree to participate in this project according to the conditions in the Plain Language 
Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to keep. 
The researcher has agreed not to reveal my identity and personal details, including where 
information about this project is published, or presented in any public form.   
I agree to have my interview audio recorded by the lead researcher, and I understand that 
the content of this recording will be checked with me, and de-identified.  
Participant’s Name (printed) …………………………………………………………………… 
Signature ……………………………………………………… Date  ………………………… 
Please return too:  
Attention: Laura Alston, Student researcher  
Deakin University, Geelong Waterfront Campus 
Locked Bag 20000, Geelong, VIC 3220 
Or email: laura.aslton@deakin.edu.au  
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO: Participant, 
Withdrawal of Consent Form 
(To be used for participants who wish to withdraw from the project) 
Date: June 2017 
Full Project Title: The experiences of policy makers in reducing the burden of ischaemic 
heart disease in rural Australia-a qualitative study. 
Reference Number: 
I hereby wish to WITHDRAW my consent to participate in the above research project and 
understand that such withdrawal WILL NOT jeopardise my relationship with Deakin 
University. 
Participant’s Name (printed) ……………………………………………………. 
Signature ………………………………………………………………. Date …………………… 
Please mail or fax this form to: 
Laura Alston 
Phd Student researcher  
Deakin University, Geelong Waterfront Campus 
Locked Bag 20000, Geelong, VIC 3220 
Or email to: laura.aslton@deakin.edu.au 
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